On the State of Pentosan in Wood Pulps 


By Kei Matsuzaki, Akira HATANO, Toru ABE and Hiroshi SOBUE 
(Received October 9, 1953) 


1. Introduction 2. Experimental Procedures and Results 


Many discussions!'”? have been made on the (1) The Pentosan Contents of Acid-hydro- 
lyzed Pulps.—Five g. each of sulfite rayon pulps 
from red pine (Pinus densiflora S. et Z.) and beech 


: (Fagus crenata Blume) were hydrolyzed with 300 
to determine a small quantity of pentosan g a Ripe i 
: ce. of boiling 4N hydrochloric acid for 1, 3, 5 and 


by ime patorogincin oF bromate method. Ac- 7 hours. Since recrystallization of split chains 
cordingly, the conclusions reached do not was observed during acid-hydrolysis,” the acid- 
seem to be correct. In this research, pentosan hydrolyzed samples were treated with a boiling 
determinations by paper chromatography and 1% sodium hydroxide solution for half an hour to 
by the colorimetric method with aniline were eliminate®) the recrystallized particles. The pen- 
applied to the acid-hydrolyzed samples as tosan contents of the acid- and acid-alkali-treated 
well as to the alkali-extracted samples, and samples were determined by paper chromatogra- 
the state of pentosan in wood pulps was  Phy-? The result is tabulated in Table I. The 


discussed. 


state of pentosan in wood pulps. However, 
as our previous report*’ showed, it is difficult 





degrees of polymerization were determined from 


TABLE | 
THE PENTOSAN CONTENTS AND DEGREES OF POLYMERIZATION OF 
ACID-HYDROLYZED AND ACID-ALKALI TREATED PULPS 
Red Pine Beech 
Time of Acid- 


wae oe Treatment 
Hydrolysis 


yield pentosan pas yield pentosan 
original 
alkali 
acid 
acid-alkali 
acid 
acid-alkali 
acid 
acid-alkali 
acid 
acid-alkali 
* % in the residue, determined by paper chromatography 
** Cupri-ethylene diamine solution, Km=8.0X 10 


the viscosities of cupri-ethylene diamine solutions 1% acetic acid solution and water, and dried. In 
of the samples. another series of experiments, the cold alkali- 


(2) The Pentosan Contents of Cold Alkali- treated samples whose cellulose micelles are more 
treated Pulps.—Two g. each of red pine and beech or less disordered were treated with 200cc. of 


419 


pulps were treated with 50 cc. of 4-17.5% sodium 2.5N sulfuric acid at 95-100°C for an hour to re- 
rd : : . : . ¢ an war «¢ wT sy rr 
hydroxide solutions | for half an hour at 20°C, move pentosan thoroughly. The pentosan con- 
stirring every five minutes. The samples, pressed tents of the samples were determined by the 
ona glass filter to make them free from the re- colorimetric method®) and partly by paper chro- 
tecanl alfraline «a : ac ar as os > ere pan . i ° ry. 
sidual alkaline solution as far as possible, wer matography. The results are tabulated in Table 
treated again with 50 cc. of a sodium hydroxide II and Table III. 
solution of the same concentration and processed 
as before, washed successively with water, and 1) H. G. Ingersoll, J. Applied Phys., 17, 92) (19:6): J. A 
Howsmon, Textile Research J., 19, 152 (1949); O. A. Bat- 
1) K. H. Meyer, “‘ Hoch polymere Chemie”’’ Vol. 2 (1910) tista, Ind. Eng. Chem., 42, 502(1959); A. Meller, J. Polymer 
p. 216; H. Maeda, J. Text. Cell. ind. Japan, 1, 669 (1945); Sci., 4, 619(1949); P. H. Hermans and A. Weidinger, ibid., 
H. Sobue, K. Matsuzaki, A. Hatano and Y. Arisawa, ibid., 8, 4, 317 (1949). 
74 (1952). 5) H. Maeda, J. Text. Cell. Ind. Japan., 1, 651 (19'5). 
2) <A. Meller, Paper Trade J., 124, No. 9, 101 (1947). 6) H. Sobue and A. Hatano, J. Chem. Soc. Japan, Ind 
3) T. Abe, K. Matsuzaki, A. Hatano and H. Sobue, This Chem. Sec., 54 469(1951); 55, 131(1952). 
Bulletin, 26, 255 (1953). 7) Tappi Standard T2309 Sm-50. 
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TABLE II 

THE PENTOSAN CONTENTS OF COLD ALKALI- 
AND ALKALI-ACID-TREATED RED PINE PULPS 
NaOH, % Yield, % 


Treatment Pentosan,* % 





1 Alk. 97.1 0.93 
(0.9) 
Alk.-acid 92. 4 0. 69 
6 Alk. 93.7 0. 69 
(0. 6) 
Alk.-acid 90. 4 0. 16 
8 Ak 88.9 0.53 
(0. 5) 
Alk.-acid 85. 4 0. 35 
10 Alk. 85.6 0. 42 
(0. 3) 
Alk.-acid 82.6 0. 24 
12 Alk. 88.9 0. 32 
Alk.-acid 85. 4 0. 21 
14 Alk. 89.0 0. 39 
Alk.-acid 86. 4 0.19 
Lied Alk. 91.2 0. 38 
Alk.-acid 87.5 0. 22 

* By colorimetric method, except which 


determined by paper chromatogra 
TABLE III 

THE PENTOSAN CONTENTS OF COLD ALKALI 

AND ALKALI-ACID-TREATED BEECH PULPS 


NaOH, % Treatment Yield, %  Pentosan, 
1 Alk. 99.7 0.73 
Alk.-acid 92.9 0. 68 

6 Alk. 94.2 0. 65 
Alk.-acid 91.4 0. 52 

8 Alk. ~* 89.8 0.53 
\lk.-acid 86.9 0. 38 

10 Alk. 88.3 0. 48 
\lk.-acid 32.8 O.22 


By colorimetric method 


3. Discussion 
would be the pro- 


pentosan pene 


The foremost interest 
blem of whether or not the 
trates into the crystalline region. 

From Table |, 
contents of the acid-treated pulps and acid 
alkali-treated pulps decrease with the time 
of hydrolysis. The relationship between the 
vield of residue and the quantity of pentosan 
removed is shown in Fig. 1. Both the acid- 
and acid-alkali-treated pulps show a similar 
tendency, and it is seen that the pentosan 
content depends mainly on the yields of the 
residues. If the alkali-treatment helps to 
remove” the particles produced by recrystal- 
lization of split molecules in the amorphous 
region containing most of the pentosan, it 
would be expected that almost all of the 
pentosan could be removed. This, however, 
is not the case as can be seen from Table I 


it is seen that the pentosan 
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0 ...Red pine, acid-treated 
@...Red pine, acid-alkali-treated 
..Beech, acid-treated 
x...Beech, acid-alkali-treated 


Removed, 


Pentosan 





106 30 0 


Residue, % 
Fig. 1.—Relationship between residue and 
pentosan removed. 
Pentosan removed is expressed as (l— s)x 
100%, where r is the ratio of pentosan content 
in the treated pulp to that of the original 


pulps. 


and Fig. 1. In Fig. 1, the pentosan contents 
of the acid-alkali-treated pulps are somewhat 
higher than those of the acid-treated pulps, 
when the comparison is made between the 
samples whose vields of the residues are the 
same. 
It has been 

region of wood 


asserted that the crystalline 

cellulose is 65% by X-ray 
method*, and 60-70% by acid hydrolysis fol- 
lowed by dilute alkaline treatment.® In Fig. 
l, even at 60-70% residue which is thought 
to consist almost entirely of the crystalline 
region, 0.5% of pentosan remains in the pulp. 

The degrees of polymerization of the acid 
alkali-treated pulps were expected to increase 
for the removal of the recrystallized particles 
perhaps of very low D.P.). In Table I, the 
D.P.’s of the acid-alkali-treated pulps are not 
apparently different from those of the sam- 
ples before alkaline treatment. This would 
be due to the degradation of the high molec- 
ular portion. 

By using cold caustic solutions of concen 
trations over 10%, which are believed to be 
able to penetrate into the crystalline region 
of cellulose, the pentosan content was reduced 
to under 0.5%. The after-treatment by the 
acid of the residues thus treated gave a good 
effect for pentosan removal. Both pentosan 
and cellulose molecules in the crystalline 
region would have been disordered by the 
conc. alkalies to such an extent that they 
were readily attacked by the acid solution. 
Thus wood pulps containing 0.2% of pentosan 





8) P. H. Hermans, “ Physics and Chemistry of CeJlulose 


Fibers, (1949), p. 517. 








November, 1954] 
were obtained with 82-87% yield, although 
they are unsuitable for practical use. 

These results suggest that the resistant 
pentosan chains share in building the cry- 
stalline region with cellulose chains, although 
Jarger portion of pentosan is found in the 
amorphous region. There remain as yet ques- 
tions, whether or not the xylose units parti- 
cipate in mixed chain formation. 

No great difference was observed between 
the behavior of pentosan in red pine and 
beech pulps. 

It seems reasonable to deduce the follow- 
ing conclusion from the above discussion. 

By intermicellar reactions such as_ hot 
alkaline treatment, the pentosan content in 
the purified pulp would not be reduced to 
under 0.5%, whereas by intramicellar reac- 
such as cold alkaline refinement, the 
pentosan content could easily be reduced to 
under 0.5%. This will contribute to the 
purification processes of wood pulps, since 
the presence of pentosan is thought to be a 
cause of poorness in the reactivity of pulps 
to acetylation and xanthation.”? 


tions, 


Summary 


1. The pulps from the red pine and beech 
were hydrolyzed with boiling 4N hydrochloric 


acid solution for 1-7 hours and a part of the, 


hydrolyzed pulps was treated with boiling 1% 
sodium hydroxide solution for half an hour 
to eliminate recrystallized particles. The 
pentosan content decreased as a function of 

) W. Klauditz, Holz Roh-uw. Werkstoff, 4 311119); G. 
tyme, S2vensk Papperstidn., 50, Wigglund Issue 117(1917); 
Rk. E. Dorr, Angew. Chem., 53, 292(19 
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the pulp yield. The degrees of polymeriza- 
tion of these samples were determined. 

2. The pulps from the red pine and beech 
were treated with 4-17.5% sodium hydroxide 
solution for half an hour at 20° and this 
procedure was repeated. A part of the sam- 
ples treated with the alkali was hydrolyzed 
with 2.5n sulfuric acid solution for one hour 
at 95-100°. The pentosan contents of these 
samples were determined. 

3. The results show that it is difficult to 
reduce the pentosan content of wood pulp to 
under 0.5% by intermicellar reactions such 
as acid-hydrolysis or dilute hot alkaline re- 
finement, whereas by intramicellar reactions 
such as cold concentrated alkaline refinement, 
it is easy to reduce the pentosan content to 
under 0.5%. The resistant pentosan seemed 
to be built in the crystalline region of wood 
cellulose. 

4. It has no effect for pentosan re- 
moval to eliminate the recrystallized particles 
produced by acid hydrolysis with dilute alkali, 


good 


while acid treatment after cold alkaline re- 
finement gave good result for pentosan 
removal. 

The authors express thanks to Mr. M. 


Moriya and S. Fukuhara for their aid to the 
experiment. The expense of the work was 
defrayed from the Scientific Research En- 
couragement Grant of the Department of 
Education. 
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Molecular Structural Studies on Compounds Containing C—O Bond by Electron 
Diffraction. II. The Molecular Structure of Anhydrous Oxalic Acid’ 


By Shuzo SHIBATA and Masao KimMuRA 


(Received March 31, 


Introduction 


have been carried 
carboxyl group by 
electron diffraction 
However systematic 


A number of studies? 
out on the structure of 
use of x-ray diffraction, 
and molecular spectra. 
conclusion has not yet been reached for the 
structure of a carboxyl group. Hence it 
seems to be desirable to have more abundunt 
informations regarding the geometrical con- 
figuration of the group in order to discuss 
the character of carboxy! group by theoretical 


1954) 


treatments. An oxalic acid molecule contains 
two carbonyl groups in a conjugated system 
O=-C--C=+O. Therefore the structural dete: 
mination will degree of conjuga- 
tion between the two carbonyl groups across 
the central C—C bond. 

In the present study we 


decide the 


dealt with anhy- 
1) Presented at the 5th annual meeting of the Chem. Soc. 
Japan held on April 4, 1952. 

2) Cf. O. Thomas, J. Chem. Phys., 18, 761 (1950); M. 
Davies and O. Thomas, “ Discussion of the Faraday Soc.” 


1959). 
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drous oxalic acid in order to investigate the 
two subject mentioned above, i.e. 
1) the stereochemistry of the carboxyl group, 
2) the degree of conjugation between the two 
carbonyl groups. Hendricks,*? Cox et al.,' 
Robertson,” Brill et al. and Ahmed et al. 
have already determined the molecular struc- 
tures of anhydrous oxalic acid and its dihy- 
diffraction. Their 
undertaken mainly to make clear 
mentioned above although 


problems 


drate by x-ray studies 
were also 
the two probiems 
the results of their analyses appear to be 
inconsistent as will be described later. Ac- 
cording to their results there exists an inter- 
molecular hydrogen bond in the crystal of 
dihydrate and the distance O~-H---O has a 
value of about 2.50A, which is considerably 


structure of 


¢ 


short. This suggests that the 
a free molecule might be different appreci- 


ably from the molecular structure in the 
crystalline state. 

Therefore we attempted to determine the 
structure of a free anhydrous molecule by 
gas electron diffraction method and to obtain 


informations on the properties of carbon-car- 
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bonds as well as on 
hydrogen bond upon these 


bon and carbon-oxygen 
the effect of a 
distances. 


Experimental Results 


The sample used in the present investigation 
was anhydrous oxalic acid prepared from oxalic 
acid dihydrate by heating at temperatures above 
its melting point and was purified by sublimation. 
sublimes on heat- 
100°C. The 


was sublimed at about 120°C in a high tempera- 


Anhydrous oxalic acid readily 


ing at temperatures above 


I sam pl 


ture nozzie. 


Excellent photogray 





tron wavelength of about and a camera 


length of about licm. The characteristic features 
of the photographs are 
curve V in Fig. 2, 
drawn by use of the 


represented by the visual 
where the dotted portion is 
theoretical intensity curves 
to be mentioned later. That the feature of photo- 
graph bears a ciose resemblance to that of di- 


xal is reasonable on account of the 






similar of molecular structure between them. 


The maxima and mir were measured on the 





photographs within q--83. These observed values 


are listed in Table I. 


TABLE | 


OBSERVED AND CALCULATED q VALUES 


model L 


Max. h 


hid i 
) 14.9 
, 18 18.6 
1 60 

) Q7- 4. ) 
| 26 26.0 
R. G4 GO 
) 32. 32. t 
) ; 6. Z 
if 10. SO 11.6 
6 1 ( 1.9 
7 18.8 19, 4 
7 2. 43 l 
»). 1S a ) 
8 8.9 60. 2 
9 62. 90 64.0 
9 67.25 68.5 
10 7 Fe 2.4 
10 74, 34 73.8 
1] 77.78 79.6 
1] 81.12 83. 2 


average 


average deviation 


3) S. BR. Hendricks, Z. Krist., 91, 48 (1953). 

i) E.G. Cox, M. W. Dougill and G. A. Jeffrey, J. Chem. 
Sor., 1952, 435'. 

») J. M. Robertson and I. Woodward, J. Chem. Soc., 1936, 


model J 








Qealc., dobs. deak Gcale.; Jobs» 
1.016 18.5 .013 
.O14 24.2 .014 
0. 989 26. 2 0.995 
- 022 29.6 . 022 
. 008 32.1 0. 998 

O17 36. 015 

O18 11.8 025 
1.012 16. 0 013 
O11 19. 2 1. 006 
1.013 23.0 1.011 
1.016 56. 4 .005 
1.021 29.9 1.017 
1.017 63.5 009 
1. 020 67.9 1.010 
1.018 is a 013 
1.021 75. 4 O14 
1.023 79.3 .021 
1.024 85. 0 . 022 
1.015 1.012 
0. 005 0. 006 


6) J. D. Dunitz and J. M. Robertson. J. Chem, Soc., 1947 
1i2. 

7) R. Brill, C. Herman and C. L. 
42, 357 (1947). 

8) F. R. Ahmed and D. W. J. Cruickshank, Acta Cryst., 
G6, 335 (1953). 


Peters, Ann. Physik, 
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cis form 





c------ ——a — —) 
' 
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The radial distribution curve was Ic 1 
use of the formula 
qd tX. 
rD(r) \ Iiqve« Xp (--aq in (7qr ) 
q=1 
with « (—agq?max.) 9.1, and is shown in ] 2 
The curve has maxima at 1.26, 2.40, 2.75 and 
3.55A. Each peak may be regarded as made up 


of the contributions of several interatomic 


ances The first peak may be 


interpreted as 


bonded C,—O,; and C,—O,’ dis 








tances, t.e second peak the non-bonded C,:--O,’, 
C,---O. and O;---O,’, distances, and the third and the 
fourth peaks the non-bonded O,;---O,', O;---O. and 


O,'---O,’ (see Fig. 1). The last two Ss correspond 








t t! lon d ces W are ré to the rota 
tional configuration about C--C axis rhe exist 
nce of the third and fourth peaks shows that 





four non-bonded O---O distances is 
sified definitely into two groups. g! 
the molecule seems to have, rough!y speaking, 








-d peak seems to favor the trans 





form, because if the molecule takes the ¢i 
two equal distances O,’-+-Os and O;-+-Os’ in thi 
will turn out to be two different dis 


O,'---O.'. The possible O--O 











distances of trans (J) and cis (O) models are shown 
} bh 1 8: at etinaes . — 
\ 0 1¢ I aqistripuuon curve 
(I 2). 
theoretical intensity curves were d 
th the following simplified equation, 
I(q)= SSS ZiZ 5 sin (zr qris/10)/ri5 
ij 


Six parameters C=O, C—C, C—O, Za, 
Y (a twisted angle) are 


8 and 





required for settling 


molecular forms. The effect of hydrogen atoms 


is negligibly small on the theoretical intensity 
curves except the O—H distance which was as- 
sumed to be 0.96A. If the distance C=O is as 
sumed to be equal to 1.20A and the molecule is 
as follows 
Fifty three 
calculated for 


from 1.44 to 


planar, the parameters involved are 
C—C/C=0, C—O/C=O, Ze and 
theoretical intensity curves were 
the models with the values rang 





rm or the cis form. The sharp 
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i iN 
' \ 7 
| \ on ~~ o 
| \ —~ 
' J \ - ‘ P 
fas © ~ -—— 4 i 
Re VY 
— a: kn a 
I rhe l ret int 
sity curves 
A for C-C, from 1.30 to 1.1404 for (¢ Q), 
from 116° to 131° for /ea@ and from 1 to 134 
for £8. Some of them are reproduced in Fi 
in order to illustrate the variation of the relative 
positions and intensitics of maxima and minima 





parameters. 


in Table IJ. The curves 





distance, and curves B, 


C, K and L that of Za. Our analysis could be 








acilitated by the fact that the calculated intensity 
curves are not very sensitive to the paramete 
Bs. The curve J in Fig. 3, which is one of the 
best models, is in good agreement ith the ob 
served scattering curve, except that th “eX 


gard to both the 


and the depth of th 


ment is not 
of the third 


1inimum, 








which appears stronger on photographs 
+) 1 


than would be suggested by 1e calculated inten 





is discrepancy may be considered 
o be due merely to a difficulty in the examina 
tion of photographs by visual method. It is found 
the models with C—C 


distance smaller (or 





of the best model can also give 


the visual curve, if the value of /@ is decreased 
(or increased) from that of the best model (e.g. 


curve L in Fig. 2). These circumstances are 


shown schematically in Fig. 4. Therefore it is 


impossible to determine the C--C distance very 


accurately. Further the theoretical intensity 
curves were calculated for the models with vari 


ous twisted angles about C -C axis (Cf. Curves M 


and N in Fig. 2.). !f a twisted 


angle from th 
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TABLE II 
MODELS FOR ANHYDROUS OXALIC ACID 
Model Cc =O¢ A) C—O(A) C—C(a) Z a(degree) p(degree) ZY and configuratior 

A 1.20 1. 20 1. 48 122 123 planar, trans 

a 12 120 “ 

i . ° 2 ” os " 

D l. ] a Reeves a 

I * . - 

I Loo 12 ” 

( 1. 37 re - % i 

iH . 1. bo 1. 42 i2 * “ = 

I : 1.52 

J » l * ‘ os > 

Ix ie ” i. 122 ‘ 

I 1 

M - 1. 56 12 mm twisted thr 0 fro 

the trans form. 
N , ” é twisted through 60 from 
the trans form. 

O ” ” ” P - planar, cis 

P is , ee * ov free rotation 
trans form is less than about thirty degre tis theoretical intensity curves for the models 
possible to obtain theoretical intensity curves in various twisted angles. But we could not 
agreement with the visual curve, because the two obtain a definite conclusion for the rotational 
distances which vary with internal rotation, vibration because we must take into account at 
O,—O»' and O,--O» or O O,»’ change in oppo the same time both the twisted angle in equilib- 
site directions so that the effect of the changes is rium and the rotational vibration as well as inter 
partly compensated each other. However tl nal vibrations. 


greater than about 


third maximum 


models with a twisted angle 


30° are unacceptable because the 





disappears in the theoretical curves. Therefore 
electron diffraction data can give no conclusive 
value of the twisted angle about the C—C axis up 
to 30°. The free rotational and cis models are 
also discarded because of the disappearance of 
the third maximum and because of the changes 
of the 6th and 9th maxima into double maxima 
respectively. The effect of intramolecular vibra 
tions was taken into account for the interatomic 
distances except for those related to the internal 
rotation. The mean amplitudes used in the cal- 
culation were estimated using the values for 
oxalyl chloride.“”». The results are practically the 
same as those obtained for the fixed models. 
o-¢ 
| = la 
{ 
14st v yl 
12 5° 
2 , 
56] : A 125 
| : 
; + 1985 
ns a ET ino 
Fig. 4. Parameter chart for oxalic acid. 
The shaded part shows the region of 
parameters giving acceptable models 
when is assumed /8=123°. 


The effect of the internal rotation can be found 


in the results obtained from the considerations of 


Finally a quantitative comparison with the ob- 
served values was made for the maxima and the 
the theoretical intensity curves. 
The results are shown Table I. For the 2nd 
and 3rd minima a comparison was not made on 


minima of best 


in 


account of the inaccuracy of the observed values. 
Thus the structure of 


oxalic acid was obtained as follows: 


molecular anhydrous 


C=01 


929A 


are. 


+ 0.02 A, C--O 1.37A+0.02A, C—C 1.54A4 0.06 A, 
Z.O0=C—O 125°+3°, ZO=C—C 122°+5°, and the 
trans form. But the deviation from the trans 


form is permissible within a twisted angle of about 
thirty degrees. 

Although the existence of 
acid'’) might be improbable in the gaseous state, 
the theoretical intensity curves were calculated 


dimers as in formic 


for the model dimerized in the same type as B 
form of anhydrous oxalic acid.» When O--O 
° . oan, %@ ° P 

distance is equal to about 2.70 A, the dimerized 


intensity curve in fair 
Further investi- 
has not been 


model gives a theoretical 
agreement with the visual curve. 
gation on this point, however, 


carried out. 


Discussion of Results 


Our analysis gave the following results: 
First, the length of the central C--C bond 
1.54A, a value generally ascribed to a 
normal single bond, secondly the molecule is 


1S 


4%) Y. Morino, private communication. 
10) I. L. Karle and L. O. Brockway, J. Am. Chem. Soc., 
66, 574 (1944). 
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planar despite the single bond character of 
the C—C bond. We shall explain the above 
results and compare the molecular structure 
of oxalic acid in the gaseous state with that 
in the crystalline state which has hitherto 
been reported. . : 

The value of 1.54 A-+0.06 A was obtained 
for C—C bond length. This value is equal 
to C-C bond length in ethane and other 
saturated hydrocarbons. Therefore C—C 
bond in an oxalic acid molecule seems to 
have a small degree of double bond charac- 
ter. Though we cannot say definitely be- 
cause of the probable errors, the double bond 
character seems to be less in an oxalic acid 
molecule than in glyoxal'? (C-C=147 A+ 
0.02 A) and in oxalyl chloride.” The mole- 
cules of these compounds contain carboxyl 
groups in a conjugated system similar to that 


of oxalic acid, ie. O=C—C=O to which the 
resonating electronic structures such as 
O*—C=C-—O- contribute. This suggests 


that two carbonyl groups in the molecule are 
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not conjugated very much with each other, 
presumably because the strongly electronega- 
tive hydroxyl oxygen atoms prevent an ap 
electron conjugation across the 
C--C bond. Therefore the structure of the 
carboxyl group will be similar to that of 
a monobasic acid having only one carboxy! 
group. According to the recent data obtained 
by Schomaker and O’Gorman,''’ and Karle'’ 
shown in Table III, the structure of the 
carboxyl group in anhydrous oxalic acid is 
in good agreement with that in a formic acid 
monomer. The dimensions of the carboxyl 
group obtained have revealed a significant 
difference of about 0.15 A, between the two 
carbon-oxygen bonds, although the difference 
between them is less than that expected be- 
tween a pure single and a pure double bond. 
Accordingly it follows that the resonance 
form (B2) to be shown later does not contri- 
bute very much to the normal state of a 
carboxyl group in a gaseous oxalic acid 


preciable z 


molecule. 


TABLE III 


STRUCTURES OF CARBOXYL GROUP, ESPECIALLY OXALIC ACID 


Cc=0 C—O 
Shibata and Kimura ie Laz 
Henc~icks»? 1.22 1.29 
Cox, Dougill and Jeffrey‘ 1.19 1. 29 
Hendricks 1.20 1.30 
Robertson and Wood 1.24 1. 30 

ward” 
Brill, Herman and Peters’ p24 1. 28 
Dunitz and Robertson® 1.24 25 
Ahmed and Cruickshank®? 1.19 1. 29 
Jeffrey and Parry'® 1. 23 | 
Karle and Brockway’ 1. 24 1. 42 
” ” i. Zo 1. 36 
Schomaker and 1.213 1. 368 
O’Gorman!!) 
Karle!) L.2e 1. 36 
W illiams!2 1. 223 1. 41 
Karle and Brockway®? 1. 24 1. 43 
” * i. Zo 1. 36 

LuValle and Schomaker' 1. 20 
Schomaker!5 1. 20 


We have come to the conclusion that the 


molecule takes a planar configuration. To 
account for this fact some interpretation 
other than resonance interaction between 


carboxyl groups is necessary. According to 
11) V.Schomaker and J. M. O'Gorman, /. Am. Chem. Soc., 
69, 2638 (1947). 
12) V. Z. Williams, J. Chem. Phys., 15, 232 (19417). 
13) I. L. Karle and J. Karle, ’. Chem. Phys., 22, 43(1951). 


c 


i. 
l. 
‘. 


—C material method 
o4 anhydrus‘oxalic acid electron diffraction 
57 » (« form) x-ray 
56 ” ” ” 
59 » (8 form) is 
. 43 oxalic acid dihydrate x-ray 
soo o ~ 
. 46 - ‘ 
“ee fe = 
6 ammonium oxalate * 
monohydrate 
formic acid electron diffraction 
monomer 
» dimer ‘. 
formic acid ” 
monomer 
” ” 
” spectrum 
a4 acetic acid monomer electron diffraction 
acetic acid dimer - 
17 glyoxal ~ 
50 oxalyl chloride ” 


the results obtained from Raman spectra and 
infrared absorption spectra, oxalyl chloride 
molecule in the liquid state takes a planar 
trans configuration rather than the cis con- 


figuration at room temperature and at higher 
14) J. E. LuValle and V. Schomaker, /. Am. Chem. Soc., 

61, 3520 (1939). 

15) The results by V. Schomaker cited in L. E. 

P. W. Allen, Acta Cryst., 3, 46 (1959). 


Sutton and 
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temperatures.'» The molecular structure in 
the gaseous state was also confirmed to be 
the trans configuration by electron diffrac- 
tion.'’”» Moreover the molecular structure of 
glyoxal in the gaseous state was found to 
be the trans configuration, by electron dif- 
fraction experiment. The  coplanarity of 
oxalyl chloride and glyoxal may be due to 
the stabilizing resonance energy associated 
with some double bond character of carbon- 
carbon bond. If molecule is planar, a considera- 
tion of electrostatic interaction and steric 
hindrance indicates that these molecules 
should take the trans rather than the cis 
configuration. On the other hand, since the 
double bond character which restricts rota- 
tion seems to be weak in oxalic acid, a con- 
sideration of electrostatic interaction and 
steric hindrance will indicate the possibility 
of a nonplanar form. Thus the fact that the 
molecule have the planar and trans configura- 
tion or the form similar to it seems to be due 
partly to the O -H---O intramolecular hydro- 
gen bond similar to that in salicylic acid. 
This possibility may be supported by the fact 
that the distance 2.76 A between the oxygen 
atoms (for the best mode!) is appropriate. 

Recently Cox, Dougill and Jeffrey deter- 
mined the molecular structure of anhydrous 
oxalic acid (« form)'’ in agreement with a 
work by Hendricks. Ahmed and Cruickshank 
carried out a refined analysis using the data 
obtained by Robertson and his coworkers and 
by Brill et al. They proposed a new mole 
cular structure of oxalic acid dihydrate. 
According to these results, as shown in 
Table Ill, the C -C bond length is nearly 
equal to that a normal single bond, 1.54 A, 
and two kinds of C--C bonds are equal to 
1.29 A and 1.19 A respectively, and the mole 
cule is planar. 

In general the structure of oxalic acid 
dihydrate in the crystalline state may be 
represented by the following schematic 
formula,” 


«-H—O 0--H,0---H—O re 
C—C C—C 
-O O—fi-«. <0 O—H:--. 
(A) 


A carboxyl group may resonate between the 
two forms, 


O O 
C (B;) and C (Bo) 


‘O—H Ot—H 


Accordingly the resonance form, 
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H 
--H—O+ O----H—O---H—O* 
c—C Cc (C) 
O O*—H---O—H---0- 
H 


may contribute to the normal state of oxalic 
acid dihydrate. If very strong hydrogen 
bonds are present in a crystal, the contribu- 
tion of such resonance from (C) will be ap- 
preciably large. As an extreme case, a re- 
sonance form 


7 @) O--+-H.OF---O 


C—C Cc (D) 


may be considered. If H,O* is separated 
completely from other part of oxalic acid 
dihydrate, two C—C bonds in an oxalate ion 
should be equal to each other as shown by 
an x-ray analysis of the crystal structure 
of ammonium oxalate monohydrate.'”? 

Taking into account the data of themselves 
and of Brill et al., Dunitz and Robertson 
proposed a remarkable feature of results for 
the structure of oxalic dihydrate, i.e. the 
C—C bond length 1.46 A and two C —C bonds, 
differing in their lengths, 1.24 A and 1.25 A. 
These results are contradictory to that of 
\hmed et al. in regard to the C--C double 
bond character and to the equality of C-——-C 
bond length, owing to the contribution of 
resonance form (D) to a molecule in the 
crystalline state. If such is actually the case 
in the crystalline state, the significant dis- 
crepancies between their results and ours 
suggest that the molecular structure is de- 
pendent on the molecular environment. 

On the otherh and, Ahmed et al. and Cox et 
al. concluded that the appareciable difference 
in two C—C bond lengths suggests the absence 
of H,O* ion in a dihydrate and that the 
similarity of the molecular structure of an- 
hydrous oxalic acid to that of its dihydrate 
indicate the interatomic distances unaffected 
by the environment of the molecule. However 
more remarkable difference will be found bet- 
ween vapor and solid than between anhydrous 
oxalic acid (@w-form) and dihydrate. 

Upon comparison of their data obtained by 
x-ray with our data obtained by gas electron 
diffraction, the following facts are found to 
be noteworthy: the C—C bond has a normal 
single bond length and two C—O bond lenghts 


16) J. S. Ziomek, A. G. Meister, F. F. Cleveland and C. E. 
Decker, J. Chem. Phys., 21, 99 (1953). 

17) G. A. Jeffrey and G. S. Parry, J. Chem. Sec., 1952, 
$404 
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differ from each other. But the hydroxyl 
C—O bond is very short in crystals than in 
free molecules by an amount of about 0.07 A. 

The difference between the C—O and C=O 
bond is less in crystals than in gaseous state. 
If such is actually the case, this will be due 
to the difference between the crystalline state 
and the gaseous state, in other words to the 
difference in the environment around a mole- 
cule. Such changes of interatomic distances 
owing to intermolecular hydrogen’ bonds, 
have already been pointed out, for example, 
in the cases of acetamide’? and hydroqui 
none'’”? and also in the difference of the 
structures between the monomer and the 
dimer of formic acid. Therefore it seems 
to be probable that the structure of an- 
hydrous oxalic acid is not exactly the same as 
that of its dihydrate, because the length of 
a hydrogen bond of 2.5 A in a dihydrate 
crystal is considerably small. However the 
results of the molecular structure of oxalic 
acid dihvdrate by x-ray method are not con- 
clusive. The result obtained by Ahmed and 
Cruickshank seems to be more reliable than 
those by others, since they carried out a re- 
fined analysis using the data obtained by 
Robertson et al. and by Brill et al. But re- 
investigation by x-ray diffraction seems to 
be desirable on the structure of oxalic acid 
dihydrate. 


Summary 
The molecular structure of anhydrous oxalic 
18) M. Kimura and M. Aoki, This Bulletin, 26, 429 (1953). 


19) M. Kimura and S. Shibata, Presented at the 4th annual 
meeting of the Chem. Soc. Japan held on April 7, 1951. 
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acid was studied by electron diffraction 
method. The interatomic distances and 
valency angles were found as follows: C=O 
1.22 A, C—O 1.37 A, C—C 1.54 A, <O=C-—-O 
125°, and ZO=C—C 122° with possible errors 
within 0.02 A, 0.02 A, 0.06 A, 3° and 5° re 
spectively. The molecule takes planar trans 
configuration. From these data the following 
conclusions were derived. The central C-——-C 
bond seems to have a small degree of double 
bond character with no appreciable conjuga 
tion between two carbonyl groups. The 
molecule takes the planar trans configura 
tion in spite of the small degree of double 
bond character in the C—C bond. This fact 
in connection with the data of other compounds 
seems to suggest the possibility of the ex- 
istence of intermolecular hydrogen bonds in 
i free oxalic acid molecule. Our data of oxalic 
acid in the gaseous state were compared with 
the data of oxalic acid in the crystalline state 
from x-ray diffraction. Significant differences 
was found between the results on molecular 
dimensions, especially in hydroxyl C -O bond 
lengths. From these fact it was inferred that 
the structure of a molecule (or a carboxyl 
group) is affected by the molecular environ 
ment such as hydrogen bond formation be- 
tween molecules. 

We wish to express our thanks to Prof. 
M. Kubo of Nagoya University for his helpful 
advice. Our thanks are aiso due to Dr. S. 
Seki and Dr. K. Osaki of Osaka University 
for their valuable suggestion regarding the 
x-ray diffraction data. 

Departine nt of Chemistry, Faculty of 
Science, Nagoya University, 


Nagoya 


Zur Kenntnis uber die Hochdrucksynthese von Acrylester. I. Erkenntnisse 
bet der Acrylestersynthese unter der Anwendung von WNickelhalogenid- 
Katalysator 


Von Kazumi 


(Eingegangen am 


Einfeitung 


Bei der Acrylestersynthese nach dem 
Reppe-Verfahren er gibt sich zweierlei; das 
erste ist das stoichiometrische Verfahren 
(oder die Gew6hnliche-Druck-Synthese), in 
dem Metallcarbonyl als Kohlenoxydtriger 
verwendet wird, und das andere das kataly- 


YAMAMOTO 
24. April 1954) 


tische, (oder die Hochdrucksynthese), in dem 
Kohlenoxyd und Acetylen sich auf Alkohol 
unter katalytischer Wirkung von Salzen der 
carbonylbildungsfaihigen Metalle, wie Nickel, 
unter erhdhtem Druck und bei erhodhter 
Temperatur einwirken lassen. 

Die Abhandlungen, die fortlaufend verOffent- 
licht werden sollen, handeln iiber den Mecha- 
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nismus der Reaktion, insbesondere tuber den 
der Aktivierung des Kohlenoxyds bei dem 
letzteren. 

Die Bildung von Acrylester wird im Sinne 
der folgenden Gleichung erliutert: 

CH=CH+CO+ROH > CH»: CHCOOR 

Reppe'’ hat geschickt die Bildung von 
Acryl-ester oder Saéure aufgeklart, durch die 
intermediare Bildung eines hypothetischen 
Cyclopropenon-Rings aus Acetylen und 
Kohlenoxyd, der dann durch Verbindung mit 
beweglichem Wasserstoffatom, wie Wasser, 
Alkohol, usw. nach folgendem Schema 
aufgespalten wird: 


CH=CH+CO »/ CH: CH 


C 
vO 
CH: CH 
ROH > CH»: CHCOOR 
rs 
| +HOH > CH»o: CHCOOH 
YO 


Aber man kann den_ geniigenden’ ex- 
perimentellen Grund dariiber nicht finden, 
in welcher Weise das Kohlenoxyd = an 
dem Katalysator aktiviert wird, den Cyclo- 
propenonring zu_ bilden. Dartiber nimmt 
Reppe die Bildung von aktivem, nicht isolier- 
barem Zwischenprodukt wie NiBr.(CO), das 
von Kohlenoxyd und Nickelhalogenid unter 
der Reaktionsbedingung entsteht, unter 
Beriicksichtigung der Arbeit von Hieber? 
iiber Kobaltcarbonyljodid CoJ.(CO) an. 

Ausser dem oben’ erwadhnten Metall- 
halogenid hat Reppe die Komplexverbin- 
dungen von demjenigen mit  Triphenyl- 
phosphin als Katalysator bei der Acrylester- 
synthese vorgebracht. Was den Mechanismus, 
wodurch Kohlenoxyd aktiviert wird, an- 
belangt, ist die zuverlissige Theorie, woriiber 
ich spadter schreiben werde, bisher nicht 
verOffentlicht. 


Das Allgemeine 


Wie vorher erwadhnt, werden die Halogenide 
der carbonylbildenden Metalle als Katalysatoren 
bei der Hochdrucksynthese von Acrylester aus 
Acetylen, Kohlenoxyd und Alkohol verwendet. 
Als solche eignen sich in erster Linie Nickelhaloge- 
nide. Die im Experiment benititzten Nickel- 
halogenide wurden nach folgenden Methoden 
hergestellt. 


1. Nickelbromid und Jodid.—Sowohl wasser- 
freies Nickelbromid als auch Jodid wurde leicht 
dadurch in einer Form der Lésung erhalten, 

1) W. Reppe, ,,Neue Entwicklungen auf dem Gebiet der 

Chemie des Acetylens und Kohlenoxyds*‘, Springer Verlag, 

(1949), S. 97- 

2) W. Hieber, Z. anorg. alig. Chem, 243, 145 (193%). 
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indem man Brom oder Jod auf Nickelcarbonyl 
oder auf reduziertes Nicke! in Alkohol bei gewohn- 
licher Temperatur einwirken lasst.*) Nickel- 
gehalt in der alkoholischen Lésung wurde entweder 
durch Verdampfung von Alkoho! unter ernied- 
rigtem Druck oder durch Titrieranalyse bestimmt. 
Zu der alkoholischen Lésung des Nickeljodids 
muss man kleine Mengen reduziertes Nickel 
beimengen, da es durch Luftsauerstoff unter 
Jodabspaltung oxydiert wird.» 


2. Nickelchlorid.—Wasserfreies Nickelchlorid 
wurde zweckmiassig aus Nickelhexaminchlorid 
hergestellt, das im Vakuum bei etwa 220° tber 
die Stufe Diaminsalz zum Nickeichlorid abgebaut 
wird. 

Acetylen, das von Calciumcarbid erzeugt wurde, 
wurde durch das tbliche Mittel gereinigt, und 
die Reinheit war mehr als 999 und der Sauer 
stoffgehalt unter 0.2%. 

Kohlenoxyd wurde aus Ameisensdure’ und 
Schwefelsdure entwickelt und der darin enthaltene 
Sauerstoff wurde durch Leitung auf das bei 300 
bis 400° erhitzte, reduzierte Kupfer in Kohlensdure 
umgewandelt, die durch Alkalilauge  beseitigt 
wurde. 

Auf solche Weise erhaltenes Acetylen und 
Kohlenoxyd wurde im Gasometer in gleichem 
Verhdltnis vermischt. Alkohol, wie Athanol, 
bzw. Butanol, wird mit Calciumcarbid  vdllig 
getrocknet und so verwendet. 

Die Aufarbeitung der Acrylestersynthse wurde 
entweder nach der diskontinuierlichen oder nach 
der halbkontinuierlichen Methode durchgefuhrt. 
Die einzelnen Bedingungen sind je nach den 
Umstanden beschrieben und konnen_ folgender- 
massen zusammengefasst werden: 


Diskontinuierliche Methode.——In den Schuttel- 
autoklav, der elektrisch regulierend erhitzt wird, 
tut man Alkohol und Katalysator hinein und 
komprimiertes Acetylen-Kohlenoxyd-Gemisch bie 
zum bestimmten Druck nach dem Verblasen der 
Luft im Autoklav mit dem Gasgemisch. So beo- 
bachtet man hauptsdchlich nur die Druckveran- 
derung mit der steigenden Temperatur unter 
Schuttelung. 


Halbkontinuierliche Methode.—Den Autoklav 
mit dem Verdichter durch biegsames Kapillarrohr 
verbindend, arbeitet man der Methode (1) gemdss 
auf. Wenn der Innendruck des Autoklavs bis zu 
einem Gebiet mit dem Reaktionsverlauf abfallt, 
so wird frisches Gas-gemisch jederzeit vom Ver- 
dichter eingepresst. Die bestimmte Gasmenge, 
die mittels des Gasometers gemessen wird, wird 
durch Wiederholung solcher Operation eingepresst. 
Im allgemeinen verlauft die Reaktion bei 180 
unter Gesamtdruck von 30 bis 40 Atm. Die Aus- 
beute von Acrylester an Alkohol wurde davon 
ausgerechnet, soweit es nicht anders bestimmt 
wurde, dass man das ausgewaschene und mit 
Calciumchlorid getrocknete Ol, das vom Reak- 
tionsprodukt mit Wasserdampf abdestilliert wurde.. 
fiir Rohacrylester halt. 


3) K. Yamamoto und K. Sato, J.P.. 187, 504. 
4) K. Yamamoto und K. Sato, M. Oku, J.P., 195, 106. 
5) K. Yamamoto und M. Oku, J.P., 192, 733. 
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Erxenninisse bei Athylacrylat-Synthese 


Es diirfte notwendig sein, etwas iiber die 
Erkenntnisse bei der Athylacrylat-Synthese 
zu beschreiben, z. B. iiber den Unterschied 
der katalvtischen Fahigkeiten der Nickel- 
halogenide,* iiber die Reaktionsbedigungen, 
Nebenreaktionen usw. 


a) Unterschied der katalytischen Fahig- 
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von Reppe ver6ffentlicht, dass als Kataly- 
satoren Nickelhalogenide in erster  Linie 
geeignet sind, und dass die wirksamkeit der 
Halogenide (Nickelfluorid ist unbrauchbar 
vom Chlorid zum Jodid stark zunimmt. Bei 
meiner Nachprobe wurde dies festgestellt, 
d.h., der Unterschied der katalytischen Fahig- 
keiten von Nickelhalogeniden ist eindeutig, 
wie in der Tabelle I gezeigt ist. Das Ex 
periment wurde nach dem _halbkontinuier- 
lichen Veafahren durchgefiihrt. 


TABELLE | 


keiten von Nickelhalogeniden.—Es wurde 
Athano! NixX» Einleitgsatz. 
(g) (g) von Gasgem.( %) 
50 NiCl, 1.5 10 
50 NiBre 2.5 100 
50 NiJs 3.6 100 


A DLL rku ng: 


Reaktionstemp. 


Laufzeit Athylacrylat 


(°C) (Std) (g) (%) 
170 20 
180 18 ~~ > 12 
165 5 62.5 Ye 


Autokiavinhalt 600cm*, Operierender Druck 40 Atm. 


Die Kontaktmenge wurde so bestimmt, dass das dem Bromid (5% an Alkohol) entsprechende 


Nickel erhalten 


Q 


Theoretische Gasgemischmenge ist 48.7 /. fiir 50g. 


b) Reaktionsbedingungen durch Nickel- 
jodidkatalysator.—Wenn man nach dem dis- 
kontinuierlichen Verfahren den Reaktions- 
verlauf beobachtet, so kann man finden, dass 
die Reaktion in kurzer Zeit iiber die Latenz- 
periode (L.P.) hinaus mit dem die Wdarmeer- 
zeugu.g begleitenden Druckabfall verlauft. 
Resultate sind unten 
zusammengefasst. Das 


im Autoklav vom 600 cm* 


Die experimentellen 
Experiment wurde 


Inhalt, in dem 


wird, da es mir scheint, dass das katalytische Zentrum das Nickelatom ist. 


Alkohol unter normalem Zustand. 


bestimmte Menge 
Nickeljodid (in irgendeinem Falle mit re- 
duziertem Nickel) enthalten sind, dadurch 
ausgefiihrt, dass das Gasgemisch (C.H.:CO 
ist 1:1) bis 30 at. und unter 
Schiitteln erhitzt wird. 


46g Athanol und die 


eingepresst 


1. Nickeljodidmenge.—In der Tabelle II 
driickt Atm/Min den verhialtnismiassig schnel 


TABELLE I] 


Vs NiJ> Reaktionstemp. 
vay (g) (i) 
622 + 140 6 
627 ae 140 
628 4.6 140 
Man kann aus obiger Tabelle ersehen, 
dass man zur Gewinnung von geniigender 


Reaktionsgeschwindigkeit nur mit Nickel- 


jodid eine ziemlich hohe Konzentration des- 
sen bedarf, und dass die Latenzperiode 
desto kiirzer wird, je hdher die Konzentra- 


tion ist. 

2. Reaktionstemperatur. Unter den 
gleichen Bedingungen wurde der Einfluss der 
Temperatur unter Anwendung von Nickeljodid 
(5% an Athanol) untersucht. 


TABELLE III 
EINFLUSS VON TEMPERATUR 


= 2 Reaktions- . 
ws Std) (Min) temp. (c)  Atm/Min 
620 — 120 
625 6 : 45 140 15/15 
633 2s3s=— 150 20/15 
626 l}eo=— 160 30/30 


(Std) 


len Druckabfall aus und L.P. die Latenz 
periode. 
(itind (seas om Atm, Min 
15 & 15/lo 
2 : 20 18,6 
15 2 : 30 31/14 


3. Rolle des reduzierten Nickels als 
Hilfskatalysator.—Es ist bekannt, dass die 
Hinzufiigung von reduziertem Nickel als 
Hilfskatalysator die Wirkung von Nickel- 
jodid verstarkt. Darauf erforschte ich dessen 
Effekt unter den bestimmten Bedingungen 
(Athanol 46 g. NiJ. 2.3g. bei 140°), um den 
Umfang zu erkennen. 


TABELLE IV 
NICKEL ALS HILFSKATALYSATOR 


Nr — (seas (ite) eal Cote ) Atm/Min 
625 0 . = 8 15/15 
635 0.23. 3 : = 3: 30 28/30 
636 0. 50 ] 15 zz: B@ 20,15 


* Jiingst hat Reppe etwas eingehend dariiber veriffentlic ht : 


Ann., 582, 26 (1953). 
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Es ist hieraus selbstverstandlich, dass die In der Tabelle V wurde der Effekt von dem 
Anwesenheit des Nickels im Vergleich mit in verschiedenem Verhaltnis beigefiigten 
seiner Abwesenheit entweder die Reaktions- Nickel dargestellt. In solcher Weise ist der 
temperatur um ca. 20° erniedrigt oder die Effekt der Beifiigung von Nickel als Hilfs- 
Nickeljodidmenge 30 bis 50% _ ersparen katalysator sehr bemerkenswert. 
lasst. 
TABELLE V 
EFFEKT DER NICKELMENGE 
NiJs Nickel ee Laufzeit Reaktionstemp. , 
Nr - sl . ; zs : Atm/;Mir 
we (g) (g) (Std) (Min) (Std) (Min) (°C) \tm,Min 
635 pa Zz 3 3 30 140 20, 30 
636 coe o> ] : 15 2 140 15,20 
640 0.93 1.0 10 2 30 140 17/15 
641 0. 69 1.2 : 3 10 30/25 
642 0. 69 ‘3 | 5 130 25/25 
643 0. 94 1.0 ! 30 3 30 120 20 
Die Lage der Latenzperioden und Lauf 628 und 640 aus den Figuren 1, 2 und 3 zu 
zeiten bei den oben’ beschriebenen Ex ersehen. 
perimenten sind, z.B. in Bezug auf Nr. 627, 
| | ya | 
' | \P 
40) 1) 
a \ 
| ——“~ p 4180 \ 181 
- ! / \ i 
\ 
} \ 
30 —_— A— 440 * y 30 } A 140 4 
‘ / — . 4 | i ; } \ t 
E / | z Ps / 
= s| 'o. bs “ / } és 
: | 100 4. ' / , 5 
yy | | > 20} j 
- | ) 
\/ ite | 60 60 
= | 
10 — a 10 ee 
1 3 J 2 3 
> Std. > Std. 
i lL. Ne. O27 I 2. Nr. 628 
wal geringem Umfang_statt. Mit steigender 
| Gasmenge jedoch werden sie _ verschieden 
IN | beobachtet. Abgesehen von der Polymerisa- 
0 RN ; tion des gebildeten Acrylesters werde ich 
P / x, 180 hier iiber diese berichten, welche zu dem 
| f \ , Reaktionsmechanismus in Beziehung stehen. 
E 30F / / aaa 140 1. Nebenprodukte mit niedrigem Siede- 
= "4 Pd Y punkt. — Man liess das vom Reaktionsprodukt 
g° rid | 100 ~ mit Wasserdampf abdestillierte Rohacrylester 
20r J. nach Waschen und Trocknen mit Caicium- 
W, 60 chlorid abtropfen. 383g Vorlauf (bis 70°) 
fraktionierte man als Probe mit Widmer’s 
0 ¢ . f ; , 
, 1 9 3 - Kolonne 2m lang und erhielt die folgenden 
, Resultate. 
> Std. ‘ ‘i . s : . 
Die Fraktion 1 enthadlt eindeutig etwas 


Fig. 3. Nr. 640 


Uber die Nebenreaktionen. 


Cc) 
eingeleitete Menge von Gasgemisch 
ist, finden die Nebenreaktionen auc 


oh 


Wenn die 


klein 
in 


Acetaldehyd und Athylither, welche beide 
sich von Athanol herausbildeten. Die Frak- 
tionen 2 und 3, die schwerer als Wasser sind, 
enthalten noch eine ziemliche Menge Athyl- 
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TABELLE VI 
FRAKTIONIERUNG VON VORLAUF 
Fraktion Kp. (°C) Gewicht (g.) ni} Note 
20— 50 3.3 1. 3375 Starker Geruch von CH;CHO u. (C2H;)20 
2 70— 80 29.8 1. 4000 Schwerer als Wasser 
3 80— 98 103.8 1. 3796 Athylacrylatreich 
98—100 176. 0 1. 3990 Reines Athylacrylat 
Rest 10. 0 
acrylat, das durch Verseifung unter Schiitteln Jodgehalt 81.8%) sein diirfte, und dass es 
mit 2n-Natronlauge bei gewOdhnlicher Tem sich bei der Acrvylesterbildung nebenbei 
peratur grOsstenteils beseitigt wird. Von bildet. 
diesen Fraktionen wurde eine Probe als Wie es spdter noch niaher beschrieben ist, 
Hauptteil bei der Wiederfraktionierung er- nimmt die folgende Reaktion eng an dem 
halten, die die physikalischen Eigenschaften, Mechanismus teil, wodurch das Kohlenoxyd 
Kp. 73°, 27°, 1.4980 d7! 1.8158 besass, und aktiviert wird. 
eae ; ; NiXs+4CO > Ni(CO),+2X 
deren Jodgehalt 73% analytisch bestimmt 2 


wurde. Folglich kann man vermuten, dass 


der Hauptbestandteil von diesen Fraktionen 


Die Bildungen solcher Nebenprodukte wer- 
den demnach unter Annahme der Wirkungen 


“ ime se ea big > ah abalone " sa des Jods in naszierendem Zustand vodOllig 
Athyliodid (Kp. 72.5°, mj} 1.5125, dj? 1.9330, a cc ge 8 
= aufgeklirt, d.h., wie folgt; 
CH,CH20OH CH;CH.OJ CH;CH. 
J > . O + je + HO 
CH,;CH2OH CH; CHJ CH;CHs 
Jo+ HO —» HJ +HJO: CH;OH + HJ > CsH;J + HO 
C.H;OH HjJO — CH;CHO H.O HJ 
Die Annahme kann ferner dadurch unter Ursprung in der Dehydrierung von Bern 
stiitzt werden, dass die Anwesenheit von steinsdureester, das sich durch die Aniagerung 
Jodwasserstoffsdure im Abgase bei der Acryl von Alkohol und Kohlenoxyd an der Doppel 
ester-Synthese durch die Behandlung mit bindung von Acrylester bildet, hat. Auch 
Silbernitratldsung bestatigt wird. Pino’ hat jiingst eine derartige Meinung 
2. Hochsiedende Nebenprodukte. Am verOffentlicht. 

Ende der Wasserdampfdestillation vom , ‘ 
Reaktionsprodukt wird das als Wasser Schlusswort 


schwerere C!produkt erhalten. Dies siedet 
bei 78 381° unter vermindertem Druck 
von 4mm. Hg. und wird mit der empirischen 
Formel C.H.-,O  reprasentiert. Behandelt 
man mit konzentriertem wassrigem 
Ammoniak, so kann man zweierlei kristal- 
linische Substanzen’ erhalten. Die eine 
schmilzt 242 243° und wird mit der 
empirischen Formel C.H,ON reprdasentiert, 
dementgegen schmilzt die andere bei 262 
unter Zersetzung und wird mit der Formel 
C.H:ON benannt. Da die erstere dem Bern- 
steinsiurediamid ((CHsCONH:), Smp. 243 
und die letztere dem Fumarsdurediamid 
CHCONH:}, Zers. 267°) entspricht, so wird 
die Anwesenheit von Bernsteinsdure- und 
Fumarsdurediathylester in dem_ urspriing- 
Produkt bestiatigt. Ich® teilte friiher 
Mitarbeiter dariiber mit, 
von Fumarsdureester 


bis 


dies 


bei bis 


lichen 
dass 
ihren 


meinem 
Bildung 


mit 
die 





6) K. Yamamoto und K, Sato; Vortrag im Kongress der 
japanischen chemischen Gesellschaft-Kyuschu-Zweigabteilung 
Jay 


am 24. 11, 1950. 


In vorliegender Abhandlung habe ich vor- 


bereitend die Arbeitsmethode und einiges 
iiber die Erkenntnis bei der Acrylestersyn- 
these unter der Anwendung vom Nickel- 


halogenid-Katalysator mitgeteilt, welche alle 
bei den folgenden Er6rterungen iiber den 
Mechanismus der Aktivierung Kohle- 
noxyds n6tig sein diirften. 

Herr Dr. K. Yoshikawa hat mich stets bei 
meinen Arbeiten leitend unterstiitzt und 
ermutigt. Herr K. Sato hat mit mir eifrig 
mitgearbeitet. Und ich spreche diesen Herren 


des 


und der Mitsui Chemical Industry Co., die 
mir diese Ver6ffentlichung meiner Arbeiten 
erlaubte, hierdurch meinen herzlichen Dank 


aus. 


Mitsui Chemical Industry Co. Ltd. 
Miike Dyestuff and Chemical Works, 
Omuta, Fulcenuoka 


P. Pino, J. Am. Chem. Soc., 74, 5551 (1952). 


‘) 
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Zur Kenntnis iiber die Hochdrucksynthese von Acrylester. II. Uber das 
Verhalten des unter Druck Stehenden Kohlenoxyds auf das Nickelhalogenid 


Von Kazumi YAMAMOTO und Kazutoshi SATO 


(Eingegangen am 24. 


Einleitung 


Yamamoto!’ hat in 
tersynthese aus Acetylen, Kohlenoxyd und 
Alkohol unter der katalytischen Wirkung 
von Nickelhalogenid mitgeteilt, dass die Reak- 
tion uber eine Latenzperiode schnell verlauft, 
und dass die Aktivitit von Nickelhalogenide 
in einer Reihe Jodid, Bromid, Chlorid stark 
abfalit, und dass sowohl das Alkylhalogenid 
ils auch der Neben- 


3ezug auf die Acryles- 


Halogenwasserstoff fir 


CH. : CH—COOR+CO 
CH.—CH—COOR ROH 

C 

O 


Folglich kommt es darauf an, auf welche 
Weise das Kohlenoxyd aktiviert wird. Reppe 
hat, wie schon erwihnt, diesen Mechanismus 
dadurch erklart, Kohlenoxyd zu- 
nachst das unbekannte, sehr instabile und 
deshalb sehr reaktionsfiihige NiCOX., entsteht, 
das unter Abgabe von aktiviertem Kohlenoxyd 
wieder als 


dass mit 


riickgebildetes NiBr. von neuem 
mit Kohlenoxyd reagiert. 
NiX» co == 


Aber der 


CO-NixX, 


experimentelle Beweis dariber 
wird nicht gezeigt. 

Unsere Arbeiten hatten ihren Ursprung an 
Interesse der “ Latenzperiode”, 
die in voriger Mitteilung beschrieben wurde. 
Als wir wihrend der 
Autoklav schnell 


halt untersuchten, 


dem grossen 


Latenzperiode den 
abkiihlten und dessen In- 
wiesen wir zufallig eine 
erhebliche Menge Nickelcarbonyl nach. Dem- 
nach fiihrte uns das zu einem Zweifel, dass 
der wirkliche Katalysator nicht das Nickel- 
halogenid k6nnte, ja vielmehr Nickel- 
carbonyl ist. Aus diesem Grunde fassten wir 
damals die erhebliche Wirkung des Nickel- 
hilfskatalysators oder die Erscheinung der 
Latenzperiode so auf, dass jene als Akzeptor 
des von Nickelhalogenid freigemachten Halo- 


sein 


1) K. Yamamoto, Dieses Bulletin, 27, 491 (1954). 
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produkte nachgewiesen werden, usw. 

Wir mochten hier iiber die Beziehung 
zwischen Erscheinungen und dem 
Reaktionsmechanismus, insbesondere tiber das 
Verhalten des Kohlenoxyds, erwadhnen. Wie 
in Mitteilung I erwadhnt, wird die Bildung 
von Acrylester nach der Cyclopropenon- 
Hypothese von Reppe kiinstlich aufgeklart. 
Auch die von  Bernsteinsdureester kann 
ebenso dieser Hypothese gemass einbegriffen 
werden; 


diesen 


> CH.—CH—COOR 
C 
O 
> ROOC—CH CH»—COOR 
gens wirken, und die Bildung von echtem 


Katalysator 

kOnnte; 

NiX:+41CO ——> 
> NiXo 


Nickelcarbony} erleichtern 

Ni(CO),+2X 

2X + Ni Ni(CO), > Ni--4CO 

und dass die Latenzperiode die Periode zur 

Erreicherung einer Konzentration von Nickel- 

carbonyl sein k6nnte. Dann haben wir es 

experimentell feststellen wollen. Diese Ar- 

beiten werden hauptsdchlich in vier 

eingeteillt, d.h.: 

1) Die 
verschiedenen Nickelverbindungen. 

2) Die Bildung von Nickelcarbonyl aus den 
Nickelhalogeniden in Anwesenheit von dem 
Zusatzmetell. 


Klassen 


3ildung von Nickelcarbony! aus den 


3) Der Zusammenhang zwischen der Acry- 
lestersynthese und den erwadhnten 
Faktoren. 

4) Die Atzung von dem Reaktionsgefiss. 


oben 


Reaktion verschiedener Nickelverbindungen 
mit Kohlenoxyd in Anwessenheit 
von Alkohol 


Nimmt man an, dass Nickelcarbonyl, das 
mit Acetylen und Alkohol reagiert, durch 
die Einwirkung von Kohlenoxyd auf das 
Nickelhalogenid in Alkohol gebildet wird, so 
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miisste es ein wichtiger Leitfaden zur Lésung 
vom Mechanismus sein, die Neigung des 
Nickelcarbonylbildungsbestrebens der Nickel- 
verbindungen zu erkennen. 

Das Experiment wurde wie folgt durch- 
gefiihrt. Man zog 30cm* Athanol und einige 
Gramm Nickelverbindung in das Druckgefass 
von 130cm* Inhalt (18:8-Stahl) hinzu und 
erwdarmte es nach der’ Einpressung von 
Kohlenoxyd (Anfangsdruck 70 Atm). Dieser 
Kohlenoxvddruck war zwar hodher im Ver- 
gleich mit dessen Teildruck bei der Acryles- 
tersynthese, aber es diirfte unter Beriick- 
sichtigung folgender Sachen zweckmiassiger 
sein : 

1) Unterdriickung vom 
deten Nickelcarbonyls 
peratur wegen. 


Zerlegen des gebil- 
der erhdhten Tem- 
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2) Vergrésserung vom Reaktionsverlauf. 
3) Im Falle der Acrylestersynthese gibt es 
den Akzeptor von Nickelcarbonyl. 
Im Experiment wurde die qualitative 
Beobachtung gemacht, und die Ausbeute von 


Nickelcarbonyl vom Unterschied zwischen 
dem Anfangs-und Enddruck vom _ Kohlen- 
oxyd berechnet. Man liess den Autoklavy 


langsam erwadrmen und hielt die Temperatur, 
wobei der Druckabfall stattzufinden begann. 


Als der Druckabfall sehr langsam wurde, 
steigerte die Temperatur sich wieder. Auf 
solche Weise beobachtete man den Verlauf 


der Hauptreaktionstemperatur, der als Kenn- 
zeichnung der Reaktionsfihigkeit der Nickel- 
verbindung von Bedeutung wire. Die Resul- 
tate sind in der Tabelle I gezeigt. 


TABELLE I 


NICKELCARBONYL AUS NICKELVERBINDUNGEN 


Reaktionstemp. in 


Laufzeit 


Nr. Ni-Verbg. NiiCO), \ufgelds. 
(8) Haupt. Max. (Std) (Min) (%) Fe 
C-12 Ni 6 auf Kiesg. Raumtemp. 155 i$ : 10 78 
C-13 Ni 4 auf Kiesg. 10 is @ 83 
(NH,y)eS aq. 0.5 
C-14 NiS 6 90-110 70 } 15 24 
(NH,4)oS aq. 0.5 
C-30 NiCl.6 120-150 150 6: 10 
(NH,4)oS aq. 0.5 
C-17 NiJ210 120-150 180 os: ®@ 100 
C-29 Ni-Acetat 8 190 7: @ 
C-31 NiCl, 5.7 120-150 210 2: 78 
Note: Die letzte Spalte stellt die aufgeléste Eisenmenge qualitativ dar. 
Das in den Experimenten Nr. C-12 und NiX,+4CO+Fe — > Ni(CO),;+FeX2 
a om ‘ ‘ Gefasswand 
C-13 benutzte Nickel ist eben ein und das- 
selbe, welches als Hilfskatalysator bei der Eisenhalogenid lést sich in Alkohol und 
Acrylestersynthese angewandt wurde. Folg- dadurch wird die folgende Atzung der 
lich wiirde vermutlich bei der Acrvleste Gefasswand erleichtert. Die Bildung von 


synthese trotz des niedrigen Teildrucks von 

Kohlenoxyd eine ziemliche Menge Nickelcar- 

bonyl daraus gebildet werden. Als Ejigen- 

tiimlichkeit der Nickelhalogeniden wie C-17 

und C-31 kann man folgendes eroértern: 

1) Erhebliche 
weisbar. 

2) Ausser dem Nickelcarbony] bildet sich die 
fliichtige Substanz Eisenpentacarbonyl, 
dessen Nachweis mit der wassrigen Lésung 
von Sublimat® durchgefiihrt wird. 

Da die Quelle diesem 
anderes als die Gefasswand ist, kénnte dies 
als Resultat der folgenden Reaktion aufgek- 
lart werden ; 


Menge Eisenion ist  nach- 


von Eisen nichts 


2) H. Hock u.a,, Ber., 61, 2037 (1928). 


Eisenpentacarbonyl diirfte gleich mit der des 
Nickelcarbonyls sein ; 
FeX2+5CO ——> Fe(CO);+2X 
Dies ergibt die Auflésung von 0.05 bis 0.2% 
Eisen bei der Acrylestersynthese. 


Bildung von Nickelcarbonyl in Anwesenheit 
von verschiedenen Beimetallen oder 
verschiedener Verbindung 


Von den Resultaten voriger Paragraphen 
wird vermutet, dass die Bildung von Nickel- 
carbonyl weitaus leichter wird, wenn das mit 
dem von Nickelhalogenid freigemachten 
Halogenatomen leicht zu verbindende Metall- 
pulver hinzugefiigt wird. Die unter dieser 
Annahme durchgefiihrten Resultate sind in 
der Tabelle II zusammengefasst. 
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TABELLE II 
NICKELCARBONYL AUS HALOGEN IDEN 


Reaktionstemp. 


Laufzeit 


Nr. —_ ee — Gels. Note 
(8) ‘8? Haupt. Max. (Std) (Min) (%) Fe 

C-17 NiJ2 10 120-150 180 3 30 100 
C-20 oa Cu 4 Raumtemp. 150 4 30 77 CuJ-Bild. 
C-22 os HgoO 5 - 180 2 00 39 HgJo- ,, 
C-31 NiCl, 5.7 120-150 180 2 30 78 
C-23 jis Cu 4 60-130 142 2 10 13 
C-25 a Al 2 60-160 178 2 10 34 

Note: Jede Anlage kam im Uberschuss zur Verwendung. Die Ausbeute von Nickelcarbonyl 


wurde von dem Druckabfall berechnet. 


Wie vermutet erschienen die Effekte der 
Anlage im Fail des Nickeljodids eindeutig 
als Erniedrigung der Reaktionstemperatur 
und Verminderung der Atzung von der 
Gefasswand. Bei dem Chlorid war die Lage 
analog, wenn der auch Grad niedrig gewesen 
ist. Dies zeigt, dass der Unterschied zwischen 
dem Jodid und Chlorid in der Bindung Nickel- 
Halogen sehr wesentlich ist, d.h., bei dem 
Jodid ist die Bindung mehr _ nichtionisch als 
bei dem Chiorid. Der Unterschied ist mit 
dem der katalytischen Wirkung in der Ord- 
nung analog. Folglich deutet dies auf eine 
Richtung zur Forschung von neuem Kataly- 
sator. Die anfingliche Erwartung war, dass 
der wesentliche Katalysator bei der Acryles- 
tersynthese nicht das Nickelhalogenid sein 
k6nnte, sondern Nickelcarbonyl. Den Fall 
gesetzt, dass man Nickeljodid mit dem Bei- 
metall wie Cu, Hg, Ag oder Zn verwendet, 
so kOénnte unter der Bildung von Nickelcar- 
bonyl die Acrylestersynthese erleichtert wer- 
den. Dieses trat nicht ein sondern dariiber 
hinaus wurde die Bildung von Acrylester bei 


Jodid Mg Zn 
Qe in keal./mol. 84.8 19.8 
Chlorid Mg Al 
Q.» in keal./mol. 151.0 ii.3 


In der obigen Tabelle wechselt die Zusam- 
mensetzung der Metalle bei Jodide mit denen 
von Chloride. Demnach soilten die Zustande 
der Atzung von der Gefisswand zwischen 
der Reaktion von Nickeljodid mit Kohlenoxyd 
in Anwesenheit von solchen Beimetallen wie 
Cu oder Hg, entgegengesetzt von denen wie 
Nickelchlorid unter den gleichen Bedingun- 
gen, gehen. Die Folgenden experimentellen 
Resultate stellen dies dar. In den Tabellen 
III und IV sind die Bedingungen zur Bildung 
von Nickelcarbony! aus Nickelchlorid und 
Jodid in Anwesenheit von Beimetall gezeigt. 

Diese Experimente wurden mehr quantita- 
tiv durchgefiihrt als die in der Tabelle II 


3) W. Hieber, Z. anorg. allg. Chem., 243, 145 (1939). 


der Verwendung von Nickelcarbony! vielmehr 
erschwert. Es bedeutet dies, welche wichtige 
Rolle die Halogenatome spielen, denn das 
Beimetall wie Cu nimmt unter der starken 
Verbindung mit dem NHalogenatom dessen 
Funktion fort. 


Beziehung zwischen dem Beimetall und 
der Atzung von Gefasswand 


Wie schon nach Hieber*’ in Bezug auf die 
Kobaltverbindung beschrieben, wird die Reak- 
tion von Nickelhalogenid mit Kohlenoxyd in 
Anwesenheit vom Beimetall im Sinne der 
Gleichungen dargestellt : 

NiXs+4CO > Ni(CO),+Xs+Q, (1) 
M + X2 > MXe+Qe (2) 


wobei das Beimetall M mit der grdsseren 
Wiarmetonung Q, fester mit den Halogenato- 
men verbindet, sodass es die Reaktion (1) 
leicht nach rechts dringen lasst. 

Die betreffenden Werte sind hinsichtlich 
der Jodide und Chloride in den Literaturen 
wie folgt verOdffentlicht : 


He Al Cu Fe Ni 
17.8 14.0 32.2 30.1 23.0 
Zn Fe Ni Cu Hg 
98.4 82.1 74.5 65.2 61.8 


gezeigten. Die Ausbeuten wurden auf Grund 
von dem verbrauchten Nickelhalogenid 
berechnet. Auf solche Weise wurde der Wert 
von Nr. C-25 in der Tabelle II durch den 
von C-36 in der Tabelle III korrigiert. Wie 
aus dem Vergleich der Werte in C-41 und 42 
ersehen, ist die Korngrésse von dem Bei- 
metall bemerkenswert. Wenn man das feine 
Magnesiumpulver wie Korngr6Osse (c) unter 
der Beriicksichtigung dieser Umstainde 
benutzt, so wiirde man den grossten Erfolg 
haben. Dies zeigt, dass sowohl die Atzung 
der Gefaisswand als auck das Gebiet der 
Hauptreaktionstemperatur von der Bildungs- 
wairme Q, beherrscht wird. Ferner ist von 
dem Resultat in C-49, unter Verwendung 


$e 
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TABELLE III 
NICKELCARBONYL AUS CHLORID 


Laufzeit 


Nr. Beimetall Reaktionstemp. Gelést. Unreag. NiCl. Ni(CO), 
(Korngrdsse) (°C) (Std) (Min) Fe (g) als Ni (g) (%) 
C-35 Hg 130-140 z 30 0.35 0.20 87 
C-36 Al (c) 16-— 70 1 30 0.04 0.00 100* 
C-37 Cu (c) 80-120 _* 20 0.39 0.47 70 
C-41 Mg (a) 70-130 3 20 0.00 0.24 85* 
C-38 Zn (c) 65- 80 2 10 0.03 0.33 79 
C-42 Zn (b) 75- 85 3 50 0.04 0.26 83 
Note: NiCls 5.7 g Athanol 30 cm? CO-Anfangsdruck 70 Atm. 
Beimetallmenge etwas Uberschuss. 
Korngrdsse (a) ca. 20 Mesch, (b) ca. 50 Mesch und (c) ca. 
100—200 Mesch. * Alkoholatbildung. 
TABELLE IV 
NICKELCARBONYL AUS JODID 
Nr. Beimetall Reaktionstemp. Laufzeit Gelést. Unreag. NiJs Ni(CO), 
(Korngrdésse) (°C) (Std) (Min) Fe (g) als Ni (g) (%) 
C-43 Hg 90-100 2 00 0.03 0.51 73 
C-46 Zn (c) 20- 50 3 00 Spur 0.06 96 
C-20 Cu (c) 20-100 2 30 Spur 90 
C-48 Ni (c) 20-100 6 00 0.37 0.1) 95 
C-49 Ni (b) 90-100 5 30 0.36 0.05 98 
Note: NiJs 6.9¢ Athano! 30 cm’. 
eines iiblichen Nickelpulvers denkbar, dass die Atzung ihren Ursprung hauptsichlich 


die Hilfskatalysatorwirkung von Nickel wie 
anderer Beimetalle, bei der Acrylestersyntese, 
durch die Wirkung als Akzeptor fiir frei- 
gemachte Halogenatome sein kann. 
NiJ2+4CO+Ni? Ni(CO),+ Ni*Js 

Wir sind demnach zum Schluss gelangt, 
dass das als Hilfskatalysator benutzte Nickel 
besonders in dem reduzierten, aktiven Zus- 
tand nicht zu sein braucht, sondern in der 
k6rnigen oder geschnittenen Form auch ver- 
wendbar ist. 


_—_> 


Lebensdauer von Katalysator und Atzung 
von Gefasswand 


Wir dachten zuerst die Atzung der Gefiass- 
wand hatte ihren Ursprung in der Bildung 
von Eisenpentacarbonyl, das sich durch die 
Einwirkung von Kohlenoxyd unter Druck 
auf die Gefasswand bildet. Daraufhin wurde 
Athanol mit Kohlenoxyd unter 100 Atm 
Druck bei 150° zwei Stunden lang erhitzt, 
aber die Bildung von Eisencarbonyl konnte 
nicht beobachtet werden. Unter Beriick- 
sichtigung der Einwirkung von Jod im 
Molekularzustand wurde die alkoholische 
Lésung von Jod unter der gleichen Bedin- 
gung behandelt, jedoch die Aufldsung von 
Eisen wurde gleichfalls nicht _beobachtet, 
sondern nur die Bildung von Ather. Wir 
k6nnen also nicht umhin anzunehmen, dass 


in der Einwirkung von Jodin dem naszieren- 
den Zustand hat. 

Eisenpentacarbonyl, dessen Anwesenheit 
durch die Reaktion mit der wiassrigen Lésung 
von Sublimat” festgestellt ist, wird sich durch 
die Reaktion zwischen dem Eisenjodid und 
dem unter Hochdruck stehenden Kohlenoxyd 
bilden. Die Auflésung von Eisen bringt nicht 
nur die Atzung von Autoklav bei der Acry- 
lestersynthese, sondern gibt auch den Anlass 
von dem Verlust des Katalysators. 

Auch der Zusatz von Nickelpulver kann 
die Aufldsung von Eisen nicht hemmen, wird 
leicht davon verstanden werden, und wie aus 
der Tabelle III hervorgeht, ist die Bildungs- 
wadrme von FeX, groésser als die von NixX». 
Wenn man auf Grund der in vorigem Para- 
graphen beschriebenen Schlussfolgerung, das 
Reaktionsgefiiss mit Nickel bekleidet oder 
plattiert, so kann man das Hindernis der 
Atzung und die Vergrésserung der Reak- 
tionsgeschwindigkeit darauf erwarten. Das 
Experiment hatte dieses Ergebnis. 

In 100cm* Inhalt Autoklav, der dicht ver- 
nickelt wurde, setzten wir 24 g Athanol 
und 0.12 g Nickeljodid ein und erhitzten 
dieses Gemisch auf 150 bis 160° unter 30 Atm 
Druck vom Acetylen-Kohlenoxyd-Gasgemisch. 
Wir beobachteten dabei den sehr glatten 
Reaktionsverlauf. 

Die starke kondensierende Wirkung des 
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gebildeten FeJ, oder FeJ., gibt einen Anlass 
fiir die nicht wiinschenswerte Polymerisation 
oder Kondensation von Acetylen oder Acryles- 
ter. 

Zum Beispiel, wenn die Reaktion in An- 
wesenheit von Nickelchlorid und Aluminium 
durchgefiihrt wird, ist die Bildung von dem 
harzartigen Produkt wunderbar. Somit wird 
aufgeklirt, dass die Auskleidung von Auto- 
klav mit Nickel zur Verbesserung der Aus- 
beute von Acrylester beitragt". 


und Kazutoshi SATO [Vol. 27, No. 8 
Betrachtungen iiber die Rolle der 


Halogenatome in NiX, 


Es wurde bisher beschrieben, dass das 
Nickelcarbonyl selbst als Katalysator fiir die 
Acrylestersynthese nicht geniigend ist und 
dass die Halogenatome dabei eine wichtige 
Rolle spielen. Dies wurde auch durch das fol- 
gende Experiment gezeigt, welches diskon- 
tinuierlich im 270cm* Inhalt Autoklav in 
Anwesenheit von Nickeljodid und Kupfer 
durchgefiihrt wurde. Die Resultate sind in 
der Tabelle V zusammengefasst. 


TABELLE V 


ACRYLAT-SYNTHESE MIT NiJ2 UND Cu 


Laufzeit 
‘ Restdruck 


Athanol NiJs Cu Druck von Reaktionstemp. 
(g) (g) (g) Gasgemisch (C) (Std) (Min) Atm 
10 2 0 ao at. 160 2 30 0 
10 2 1.0 a 150-180 6 10 26.5 
10 2 1.0 35 150-180 14 00 25 
10 2 0.3 a) 160-200 7 00 21 
Die dem Jod in 2g. NiJs entsprechende Kupfermenge ist 0.4 g. 


Mit Anwesenheit von Kupfer wurde die 
Bildung von Acrylat trotz der Bildung von 
Nickelcarbonyl beinahe nicht beobachtet. 

Die Hinzufiigung aber des metalischen 
Nickels erleichtert die Bildung von Acryles- 
ter. Von diesen Tatsachen k6nnte man 
erwarten, dass die Erniedrigung der zur Bil- 
dung des Cyclopropenons erforderlichen Ak- 
tivierungsenergie durch die Bildung irgen- 
deines intermediaren Zwischenproduktes er- 
reicht wird, welches sich durch die Umset- 
zung von Kohlenoxyd und Nickelhalogenid, 
bevor das Nickelcarbonyl zusammengesetzt 
wird, bildet und dass das Halogenatom des 
Nickelhalogenids die wichtige Rolle spielen 
sollte, mit anderen Worten, dass das Halo- 
genatom vom Nickelhalogenid nicht weg- 
genommen werden miisste. Hierauf mdchten 
wir etwas tiber die Latenzperiode ausfiihren. 
Wahrend der Latenzperiode bei der Acryles- 
tersynthese wurde das Nickelcarbony! zufiallig 
im Reaktionsgefiss gefunden, und wie schon 
gezeigt, liess uns diese Beobachtung eine 
Reih* der Arbeiten ausfiihren. Jedoch wurde 
es klar in den Arbeitungsvorgingen, dass 
die Latenzperiode nicht gerade mit der Bil- 
dung des Nickelcarbonyls zusammenhiangt, 
sondern sie hauptsadchlich von dem Sauerstoff- 
gehalt im Gasgemisch abhangig ist, d.h., 
wahrend sie in Abwesenheit von Sauerstoff 
kaum auftritt, betragt sie 1 Stunde in An- 
wesenheit von 0.2% und 1.5 Stunden bei 0.3% 
bzw. unter den gleichen Bedingungen. Da 
Nickeljodid durch Sauerstoff unter der 


4) K. Yamamoto und K. Sato, J.P., 197, 034. 


Abscheidung von Jod leicht oxydiert wird, so 
wird die Latenzperiode dargestellt als die 
beanspruchte Zeit bis zum Verschwinden des 
abgeschiedenen Jods unter der Umsetzung 
mit dem Alkohol oder mit der Gefasswand. 
Auch die Verkiirzung der Latenzperiode 
durch die Hinzufiigung von Nickel oder die 
Steigerung von der Temperatur wird dadurch 
erldutert. Zur Illustration des Schlusses kann 
man die folgende Beobachtung anfiihren. 
Fiigt man absichtlich freies Jod und Eisen- 
pulver ins Reaktionensystem hinzu, so kann 
man beobachten, dass die Reaktion erst nach 
der langen Latenzperiode stattfindet. 

Selbst eine Nickelverbindung wie Borat, 
Formiat, Phosphat, Dimethylglyoxymnickel 
oder Acetoessigsdureester-Nickel als Kataly- 
sator fiir die Acrylestersynthese ist nicht 
erwiinscht. Von den bisher erwaihnten Tat- 
sachen zieht man den Schluss, dass die aus 
Nickel und solchen negativen Atomen oder 
Atomgruppen zusammengesetzten Verbind- 
ungen als Hauptkatalysator gelten, wie sie 
sich mit dem Nickel nichtionisch verbinden und 
das Metall leicht angreifen k6nnen. Als solche 
Atome order Atomgruppen kann eine Reihe 
sogenannter Pseudohalogene von Birkenbach”® 
angegeben werden. Deren elektrische Nega- 
tivitat nach folgender Reihe angeordnet sind: 

F, CNO, Cl, N;3, Br, CN, SCN, J, SeCN. 

Aus dem Resultat der Acrylestersynthese, 
welches in Anwesenheit von dem nach Gross- 
mans Verfahren® hergestellten Nickelthio- 


5) IL. Birkenbach, Ber., 58, 2377 (1925). 
6) H. Grossman, Ber., 37, 565 (1904) 
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cyanat erfolgte, wurde wie in obiger Reihe 
vermutet, festgestellt, dass dessen kataly- 
tische Fahigkeit, abgesehen von der poly- 
merisierenden Einwirkung, zwischen Nickel- 
bromid und Jodid gestellt wird.” 

Yatsimirskii® hat den Beteiligungsgrad von 
dem ionischen Charakter in der Bindung 
zwischen Nickel und Halogenatom wie folgt 
berechnet : 

NiCls 53%, NiBrz 48%, Ni(SCN)s 45%, NiJ2 39% 

Dies unterstiitzte auch unsere Meinung. 


Zusammenfassung 


In der vorliegenden Mitteilung wurde das 
Verhalten des unter Druck stehenden Kohlen- 
oxyds gegen das Nickelhalogenid in Alkohol 
in Anwesenheit von den verschiedenen Bei- 
metallen oder anderen Anlagen beschrieben. 
Zugleich wurde die Rolle des Halogenatoms 
von Nickel halogenid bei der Acrylester- 
synthese erértert, von dem Gesichtspunkt 

7) K. Yamamoto und K, Sato, J.P., 197, 033. 


8) K. B. Yatsimirskii, Jzvest. Akad. Nauk USSR., 590 
(1948), C.A., 43, 2329 (1949). 
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der Atzung der Gefaisswand sowohl, als auch 
der Lebensdauer des  Katalysators aus 
gesehen. 

Dariiber hinaus haben wir von diesen ex 
perimentellen Resultaten geschlossen, dass 
die katalytische Fahigkeit der Nickelhalo 
genide von dem Beteiligungsgrad des ioni 
schen Charakters der Bindung zwischen dem 
Nickel- und Halogenatom abhiangig ist. 

Herr Dr. K. Yoshikawa hat uns stets bei 
unseren Arbeiten leitend unterstiitzt und 
ermutigt. Wir sprechen ihm und der Mitsui 
Chemical Industry Co. Ltd., die uns die 
Ver6ffentlichung dieser Arbeiten erlaubte, 
unseren herzlichen Dank aus. 


Diese Arbeiten wurden am 24. 11. 1950 in 
Kumamoto im Rahmen des Kongresses der 
japanischen chemischen Gesellschaft — Kyu- 
shu — Zweigabteilung miindlich ver6ffentlicht. 


Mitsui Chemical Industry Co. Ltd. 
Miike Dyestuff and Chemical Works, 
Omuta, Fukuoka 


Zur Kenntnis uber die Hochdrucksynthese von Acrylester III. Zur Kenntnis 
uber die Herstellung von Triphenylphosphin-Nickzlkomplex Verbindungen 


Von Kazumi YAMAMOTO 


(Eingegangen at 


Einleitung 


In den bisherigen Mitteilungen’? wurde das 
Verhalten des unter Druck stehenden Kohl- 
enoxyds an Nickelhalogenid Katalysator 
erOrtert. In der vorliegenden Mitteilung sind 
die Herstellungsverfahren der Tripheny!l- 
phosphin-Nickelhalogenid -Komplexverbindun- 
gen beschrieben, die von Reppe”? als Kataly- 
sator bei der Acrylatsynthese gefunden wurd- 
en. Diese Verbindungen, die in der aus- 
gezeichneten Weise allen Anforderungen, z. 
B. kleine Nebenreaktion, lange Lebensdauer, 
leichte Zuriickgewinnbarkeit wegen deren 
guter Kristallisierbarkeit, entsprachen, werden 
im allgemeinen in folgende vier Klassen 
eingeteilt : 

1. (Ph;P)xNi(CO), 
2. (Ph;P).NiX, 
1) K. Yamamoto, Dieses Bulletin, 27, 491, 496 (1954). 
2) W. Reppe, “‘Neue Entwicklungen auf dem Gebiet der 


‘hemie des Acectylens und Kchlenoxyds”, Springer \ 
(1949) S. 103 


Verlag 





24. April 1954) 


3. Ph..P),NiX,RX’ 
4. Ph..P),NiX,2RX’ 


wobei Ph den Phenylrest (C;H;)- ausdriickt 
und x im allgemeinen 1 oder 2, R die Alkyl- 
oder Aryvlgruppe, und X und X’ dasselbe oder 
verschiedene Halogenatom ausdriicken. 

Uber die Aufklirung des Mechanismus 
der Aktivierung des Kohlenoxyds k6nnte ich 
nur die in Copenhaverschem Buch" angefihr- 
te Annahme von Schweckendiek, der der 
Mitarbeiter von Reppe ist, und die von 
McKinley” angeben. Wie spiater ausfiihrlich 
behandelt, diirfte die erstere einen Wieder- 
spruch enthalten und die letztere ginge nur 
von dem Rahmen des Gedankens nicht aus. 

Ich habe dariiber einen Erfolg aufgrund der 
zusammenfassenden Resultate betreffs der 
Verfahren zur Herstellung, und der chemi- 
schen, physikalischen Eigenschaften von Kom- 

3) Copenhaver und M. Bigelow, “‘Acetylene and Carbon- 


monoxide Chemistry”, Rheinhold Publ. Co. (1949) S. 259. 


4) CC, McKinley, Ind. Eng. Chem., 44, 995 (1952). 
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plexverbindungen und betreffs deren Ver- 
halten bei der Acrylestersynthese zu _ ver- 
zeichnen. 


Herstellung von Triphenylphosphin. 
Triphenylphosphin, das der Grundstoff ist, 
wurde durch das Verfahren von Michaelis” 
aus Natrium, Chlorbenzol und Phosphortri- 
chlorid hergestellt. 

3C;H;Cl+6Na-+-PCl,; — 6NaCl+(CsH;).P 

Nach Michaelis wird es unter Anwendung 
von Ather als Lésungsmittel durch Erhitzen 
bei dessen Kochpunkt 48 Stunden lang mit 
der Ausbeute von 30% der Theorie auf Grund 
von Chlorbenzol erhalten. Auch wurde mit- 
geteilt, dass die Bildung vom harzartigen 
Produkt erheblich war, wenn Benzol an statt 
Athers verwendet wurde. Ich habe es aber 
dadurch in Benzol mit der Ausbeute von 50 
bis 60% erhalten kénnen”, weil ich die Reak- 
tion bei 60°, 6 Stunden lang in Anwesenheit 
vom Katalysator wie Athylacetat, -Malonat, 
-Acetacetat durchfihrte. 


Ph,P),.Ni(CO),-x.—Die 
Typus_ sind 


Herstellung von 
Komplexverbindungen dieses 
unmittelbar nicht wichtig fiir Katalysator bei 
der Acrylestersynthese und sie ntitzen zur 
cyclisierenden Polymerisation des Acetylens”, 
aber ich moéchte deren Herstellungsveafahren 
kurz darstellen, da es mit der Herstellung der 
Komplexverbindungen von (Ph;P),NiXs und 
mit dem Mechanismus in Beziehung steht. 

Wenn man Triphenylphosphin in Methanol 
auf Nickelcarbonyl einwirken lasst, so kann 
man Triphenylphosphin-Nickeltricarbonyl 
oder Bistriphenylphosphin-Nickeldicarbony] 
bei 20° bzw. 50° erhalten: 

20 
Ph;P+ Ni(CO), —-> Ph;PNi(CO);,;+CO 
Zp. 123 
50 
2Ph;P+ Ni(CO), 





> (Ph;P),Ni(CO),+2CO 
Smp. 206-9 

Anstatt des Triphenylphosphins kann man 
die Komplexverbindung von Triphenylphos- 
phin mit Schwermetallhalogenid verwenden, 
£. Bs3 


(Ph;P)2ZnCl.+2Ni(CO), 
— 2Ph;PNi(CO),;+2CO+ ZnCl, 


5) A. Michaelis, Ann., 229, 295 (1885). 

6) K. Yamamoto und S. Kunisaki, /.P., 200, 535. 

7) W. Reppe und W. J. Schweckeudiek, Ann., 560, 104 
(1948). 
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(Ph;P)2.ZnCl.+ Ni(CO), 
— (Ph;P).Ni(CO).+2CO + ZnCl, 


In diesen Verfahren muss man sehr giftiges 
Nickelcarbonyl verwenden. Ich habe diese 
Verbindung dadurch quantitativ herstellen 
k6nnen”, weil ich Triphenylphosphin und 
reduziertes Nickelpulver in Methanol bei 150° 
mit Kohlenoxyd unter Druck von 50 Atm 
unmittelbar behandelte: 

2Ph;P+-Ni+2CO — (Ph;P).Ni(CO). 

Hersteliung von (Ph,P),NiX,.-Reppe hat 
die folgenden drei Verfahren zur Herstellung 
der Komplexverbindung von Typus 
(Ph,P),NiX. ver6ffentlicht. Zwei derselben” 
bringen das oben beschriebene Bistriphenyl- 
phosphin-Nickeldicarbonyl als Ausgangsstoff 
zur Verwendung und das andere ist das 
Verfahren, wodurch die Komplexverbindung 
aus dessen Bestandteile aufgebaut wird”. 

1. (Ph;P),Ni(CO).+2C,H»X+ 2C,H,»OH 

— (Ph;P).NiX.+2C,H»COOC,H,+ Hz 

2. (Ph;P)2Ni(CO).+X, — (Ph;P)2NiX,+2CO 

3. 2Ph;P+NiX, — (Ph;P).NiX, 

Das Verfahren (1) muss im Druckgefass bei 
180° durchgefiihrt werden, dariiber kann die 
Beimengung von der Komplexverbindung 
(Ph;P),NiX.RX nicht vermieden werden. Das 
Verfahren (2) kann in Benzol bei der gewohn- 
lichen Temperatur durchgefiihrt werden. 
Aber es ist wegen der Bildung von dem 
harzartigen Nebenprodukt schwierig, den 
reinen Kristall zu erhalten. Beim Verfahren 
(3) wird die Komplexverbindung dadurch 
hergestellt, dass man Nickelhalogenid in das 
bei 280° geschmolzene Triphenylphosphin 
unter der Riihrung hinzufiigt und dann das 
Reaktionsgemisch schnell abkihlt. Dieses 
Verfahren ist infolge der thermischen Zer- 
setzung desselben kein gutes, wie in der 
folgenden Mitteilung erwahnt wird. 

Jensen'” hat dariiber mitgeteilt, dass Bis- 
triathylphosphin-Nickelchlorid aus Triathyl- 
phosphin und Nickelchlorid in Athanol bei 
der gewOdhnlichen Temperatur hergestellt 
wurde aber keinen Triphenylphosphinab- 
kémmling ergab. Dementgegen habe ich 
gefunden, dass diese Komplexverbindung 
aus dessen Bestandteil durch Erhitzung in 
Athanol oder Butanol unter dem Riickfluss 
beinahe quantitativ erhalten werden kann. 
Ich habe die bisher nicht verdffentlichte 
Verbindung nach dieser Methode dargestellt 
(Tabelle I). 

8) K. Yamamoto und M. Oku, Dieses Bulletin 27, 383 

(1954). 


9) W. Reppe, F.P. 961.010, C.A., 46, 5617 (1952). 
10) K. Jensen, Z. anorg. alig. Chem., 229, 273 (19.6). 
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TABELLE I 
KOMPLEXVERBINDUNGEN (Ph;P),NiXes 


Verbindung Farbe Smp. in P—Gehalt in % 

(°C) Gef. Ber. 
(Ph3P),NiBrz Intensivgrtin 221—22* 8. 40 8. 36 
(Ph;P)2NiCle Dunkelblau 205-6 ** 9. 51 9. 48 
(Ph;P).NiJo Violettbraun 225 7.38 7.42 


* Nach Reppe?) 223°, 


Diese Verbindungen sind léslich in Aceton, 
Alkohol und Benzol und nicht in Ather. In 
der Loésung gibt es _ Dissoziationsgleich- 
gewicht ; 

(Ph;P),NiX, ——; 2Ph;P+ NiX, 
insbesondere in Methanol ist das Gleich- 
gewicht von links nach rechts bemerkenswert 
abweichend. Dariiber will ich spater noch 
nadher beschreiben. 


Herstellung von (Ph,P),NiX,RX’.—Reppe” 
hat drei Verfahren zur Herstellung von den 
Komplexverbindungen dieses Typus, die als 
Katalysator bei der Acrylestersynthese am 
wichtigsten sind, ver6ffentlicht : 

1) (Ph;P),NiX,+RX’ — (Ph;P),NiX.RX’ 

2) (Ph;P).Ni(CO),+3RX+2ROH 

— (Ph;P),.NiX,.RX-+2RCOOR-+ H. 

3) (Ph;RP)X’+ NiX,+-Ph;P—(Ph;P),NiX,RX’ 

In welchem Verfahren es auch sei, verlauft 
die Umsetzung in Anwesenheit von Alkohol 
wie Butanol bei 120 bis 200°. Beim Verfahren 
‘1) kann man anstatt des (Ph;P).NiX. dessen 





** Nach Reppe!!) zihe Fliissigkeit. 


Bestandteile, d.h., Triphenylphosphin und 
Nickelhalogenid, verwenden™?. 

Ich habe ein anderes Verfahren gefunden,'* 
in dem das Halogen zusammen mit dem aus 
Alkylreste bestehenden Alkohol, der dem 
betreffenden Alkylhalogenid entsprechend ist, 
anstatt des Alkylhalogenids, verwendet wird. 
Die Umsetzung verlaiuft auch in diesem Falle 
im eingeschlossenen Rohre bei 150 bis 180 
und im Endeffekt im Sinne der Gleichung 
quantitativ. 

4(Ph.P),NiX.+6CyHon.,OH+2X’,> 

4(Ph:P).2NiXsCyHo+,X’ 
CnHep-1,COOC, Hon+, +4H2O 

Ich soll hier beschreiben, wie diese Umsetz- 
ung, die spiter erwadhnt wird, im Zusam- 
menhang mit der katalytischen Wirkung von 
der Komplexverbindung Typus (Ph;P),NiX, 
eine Bedeutung hat. 

Ich habe die bisher unver6ffentlichten 
Komplexverbindungen dieses Typus_ dar- 
gestellt und in der Tabelle II zusammenge- 
fasst. 


TABELLE II 
KOMPLEXVERBINDUNGEN (Ph;P)sNiX2RX’ 


Verbindung Farbe 
(Ph;P),NiBr2C2H,Br Griin 
(Ph;P)2,NiBr2C2H;J Violettbraun 
(Ph3P),NiBr2C,HoBr Blaugriin 
{Ph;P),NiBrzisoC,HoBr Blaugriin 
(Ph;P),.NiBreaC,Ho9Cl Hellblau 


(Ph;P)sNiCloC,HoBr Hellblaugrtin 
(Ph3P)2:NiCloC,HoCl Blau 

(Ph3P)zNiBreC,HoJ 
(Ph3P)2NiJoCyHoJ Violettbraun 
(Ph;P)2,NiBr2C;H;Cl Griin 

(Ph;P),.NiBr2C;H,Br 
(Ph;P).NiBrsC;H;Br 


Violettbraun 


Aschgriin 
Gelbgriin 


Diese Komplexverbindungen sind in Aceton, 
und Alkohol loslich, dagegen schwer in Benzol 
und garnicht in Ather. Ich habe die folgende 
Regelmiassigkeit von dem Verhalten dieser 
Verbindungen gegen Alkohol gefunden, in 
dem Falle, wenn R Alkyl ist: 

1) Gegen gleichen Alkohol ist die Verbindung 

11) s. 3) S, 298. 


12) K. Yamamoto, H. Izawa und M. Oku, J.P. ausgelegt 
1952-5625. 


Smp. in P-Gehalt in % Bemerk. 

(°C) Gef. Ber. 

162 7.15 7.28 

160 6.98 6. 90 

178% 6. 98 7.04 *Reppe? 178° 
167 6. 90 7.04 

167-8 7.42 7.45 

167? 7.81 7.84 Reppe” 148-50 
176 8. 25 8. 30 

125 6.71 6.70 

167-8 6.12 6. 07 

203-5 7.09 7.26 

210 6. 90 6. 89 

186 6.90 6. 97 


desto bestandiger, je niedriger der Alkylrest 

in ihr ist. 

2) Die eine Verbindung ist desto bestindiger 
gegen Alkohol je hoher er ist. 

Uber das Verhaiten gegen Methanol und 
iiber die Bedeutung der Bestaindigkeit soll 
ich anderweitig noch eingehender sprechen. 
Dariiber bietet die alkoholische LOsung der 


13) K. Yamamoto, M. Oku und M. Tanaka, .’.P. ausgelegt 
1952-5173. 
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Komplexverbindung das sehr charakteristische 
Verhalten, dass sie bei der Heizung die 
intensiv eigentiimliche Farbe behalt, aber 
beim Erkalten verliert. 


Herstellung von (Ph,P),NiX.2RX’.--Bet 
reffs des Verfahrens zur Herstellung dieser 
Verbindungen gibt es keine Beschreibung. 
Wenn man jedoch darauf das Verfahren, nach 
der in vorigem Paragraph  beschriebenen 
Methode (1) gemdss unter der Anwendung 
von tberschissigem Alkylhalogenid durch- 
fiihrt, kann man nichts weiter erhalten, als 
die Komplexverbindung mit einem Molekil 
von Alkylhalogenid. Wenn man Bistriphenyl- 
phosphin-Nickelhalogenid mit der uberschis- 
sigen Menge Alkylhalogenid im eingeschlos- 
senen Rohre bei 150 bis 180° erhitzt, so kann 
man eine Verbindung, die in Alkylhalogenid 
unloslich ist, erhalten. Jedoch bei der 
Umkristallisation mit L6sungsmittel wie 
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Butanol wandert diejenige zum Monoalkyl- 
halogenidkomplex um. Im Falle, dass R 
Phenyl ist, kann man die Komplexverbindung 
dieses Typus als definierter Kristall von dem 
nach oben beschriebener Methode erhaltenen 
Reaktionsprodukt durch die Entfernung von 
iiberschtissigem Phenylhalogenid unter erniedr- 
igtem Druck gewinnen. Im Falle des 
Alkylhalogenids ist das Reaktionsprodukt zu 
zahfiiissig, als dass man die Komplexver- 
bindung als Kristall erhalten k6nnte, selbst 
durch eine derartige Aufarbeitung. 

Falls X’ das Halogen mit dem schwereren 
Atomgewicht als X ist, so darf nicht erlaubt 
werden, die iiberschiissige Menge RX’ zu 
verwenden, da man, wegen der Austauschung 
von Halogen, die erforderliche Komplexver- 
bindung (Ph.P).NiX.2RX’ nicht erhalten kann, 
sondern nur (Ph,P).NiX’.2RX’. 

In Tabelle III sind diese Komplexverbindun- 
gen gezeigt, die von mir hergesteilt wurden. 


TABELLE III 
KOMPLEXVERBINDUNGEN (Ph;P)sNiXs2RX' 


Verbindun, Farbe 
(Ph;P)2NiBr.2PhBr Hellblaugrur 
(Ph:P)sNiClo2PhCl Blau 


(Ph;P),NiJo2Ph]J 
(Ph;P),NiBr.2PhCl 


(Ph,P),NiCl.2PhBr 





Hellbiau 


Hellblau 


Bemerkenswert ist das, dess die letzten zwei 


Verbindungeh als gleich angesehen werden 


kOnnten. Wie es anderweit beschrieben wird, 


{ 


wurde durch die Erforschung von dem Abbau 





produkt bei Methanolyse festgesteilt, dass 


Verbindungen mit zwei Arten Halogen- 


diese 
atomen nicht nur das Gemisch von je glei 
cher Menge der einzelnen Homohalogenkom 
plexverbindungen sind. 

Die Komplexverbindung dieses Typus liefert 
in Alkohol nicht bloss ein Molekitil RX leicht, 
sondern zersetzt sich auch, je nach den 
und Nick 


Jedingungen, zu Phosphonium 


elhalogenid. 
Schwer ldsiich ist solche in Benzol und 


kceton, aber leicht in Nitrobenzol. 


Experimentelie Beispiele 


1. Triphenylphosphin.— Man tut das Gemisch 
7 hyimalonat und 


< 
1 


von 250¢ 3enzol, Oo. g Diadt 


ol.6g Natriumschnitzen in den Rundkolben vom 


Inhalt, der mit dem Ruckflusskuhler, 


Ruhrer und Tropfentrichter versehen ist, hinein. 


1000 cm* 


Zu diesem Gemisch fuigt man die aus 68¢ 
Chlorbenzol und 32.3g  Phosphortrichlorid bes 
tehende Mischung vom Trichter tropfenweise 
hinzu, wobei man die Reaktionstemperatur bei 
60°C halten muss. Nach 6 Stunden endet die 
Umsetzung. Wenn man das_ Reaktionsgemisch 


Smp. in 


P-Gehalt Ni-Gehalt % 


(C) Gef. Ber. Gef. Ber. 
270 5. 64 5. 86 5.53 5. D6 
260 7.65 7.68 6. 31 6. 68 


Unisolierbar 
253-5 6. 34 6. 41 oD. 92 6. 00 


253-5 6. 37 6. 41 6. 26 6. OU 


nach dem Filtrieren konzentriert, so kann man 
den Rohkrista!l des Triphenylphosphins erhalten. 
Nach der Umkristallisierung aus Methanol erhdalt 
man 26.4g reines Triphenylphosphin (Smp. 79°C). 

2. [{(C;H,);P ).Ni(CO),..—Man 


Triphenylphosphin, 200g 


erhitzt das 
Gemisch von 90g 
Methanol und 5g. reduzierten Nickelpulvern in 
500cm* Autoklav bei 150°C drei Stunden lang 
unter 50 Atm Druck von Kohlenoxyd. Da das 
Reaktionsprodukt in Methanol unldslich ist, 
dekantiert man es und zieht mit Benzol aus. 
Fugt man Methanol zur Benzollésung hinzu, so 
kann man 43g ((C;H;);P ],Ni(CO),s erhalten. 

3. ((Cs3H,);P ),NiBr>.—Wenn man das Gemisch, 
bestanden aus 200g bButano! 24g £Triphenyl- 
yhosphin und 20g wasserfreiem Nickelbromid, 
unter Ruckfluss zwei Stunden lang erhitzt, so 
c<ann man den feinen, kristallinischen Niederschlag 
vor: ((C3H;)3P ),NiBrz erhalten. 

Die Ausbeute betragt 35g nach der Umkristal- 





isierung (aus Butanol). 

4. ((C;H;);P),NiBr.C.H:.J.—Man ernitzt das 
Gemisch, bestehend aus 10.5 g Triphenylphosphin, 
14g  wasserfreiem Nickelbromid, 3.1g  Athy!l- 
jodid und 15g Athanol, im eingeschlossenem 
Rohr bei 150°C, zewi Stunden lang und kann 
15g ((C3;H;);P)},NiBreCoH,J (gef. C 50.3, P 6.98. 
Ni 6.559, ber. C 50.8, P 6.90, Ni 6.579%) nach der 
Umkristallisierung erha!ten. 

5. ((CsH;)3P 2NiBr, - 2C;H;,Br.—Man erhitzt 
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das Gemisch, bestehend aus 10g Triphenyl- 
phosphin, 4g wasserfreim Nickelbromid und 15g 
Brombenzol, in eingeschlossenem Rohr bei 250°C, 
zwei Stunden lang. Beim Erkalten scheidet sich 
das Reaktionsprodukt als feiner Kristal aus. Wenn 
man uberschtissices Brombenzol auf dem Wasser- 
bad unter erniedrigtem Druck verdunstet, so kann 
man ca. 5g ((C;H;);P),NiBr2.-2C;H;Br aus den 
reinen Teilen des Bodenk6érpers erhalten. 

Falls man den Komplex ((CsH;);P_},NiCle-2C;H;Br 
herstellen will, muss man die stoichiometrischen 
Mengen Triphenylphosphin, wasserfreies Nickel- 
chlorid und Brombenzol verwenden, dann muss 
man die betreffenden Kristalle vorsichtig aus den 
reinen Teilen des Bodenkoérpers herausgreifen. 


Schlusswort 


Die Herstellungsverfahren und_ einige 
Eigenschaften von Triphenylphosphin-Nickel- 
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komplexverbindungen, die als Katalysator fir 
die Acrylestersynthese verwendet werden, 
sind beschrieben worden. 

Die Eigenschaften und Struktur betreffen 
der Verbindungen sollen spdter noch naher 
gesprochen werden. 

Herr Dr. K. Yoshikawa hat mich stets bei 
meinen Arbeiten’ leitend unterstiitzt und 
ermutigt. Die Herren K. Sato und M. Oku 
haben mit mir eifrig mitgearbeitet. Ich 
spreche diesen Herren und der Mitsui 
Chemical Industry Co., die mir diese Verof- 
fentlichung meiner Arbeiten erlaubte, hier- 
durch meinen herzlichen Dank aus. 


Mitsui Chemical Industry Co. Ltd. 
Miike Dyestuff and Chemical 
Works, Oniutta, Fukuolca 


Zur Kenntnis uber die Hochdrucksynthese von Acrylester. IV. Uber die 
Acrylestersyuthese unter Anwendung von Triphenylphosphin-Nickelkomplex- 
katalysator 


Von Kazumi YAMAMOTO und Mitsuo OKku 


(Eingegangen am 


Einleitung 


In der vorigen Mitteilung'? wurden die 
Verfahren zur Herstellung von  Triphenyl- 
phosphin-Nickelkomplexverbindungen _besch- 
rieben. 

Es geht iiber den Rahmen der vorliegenden 
Abhandlung, die eingehenden Bedingungen 
iiber die Acrylestersynthese zu erwdhnen. 
Deshalb sollen nur die Kenntnisse, die die 
wichtigen Tatsachen tiber die Forschung vom 
Mechanismus der Aktivierung des Kohlen- 
oxyds am Komplexkatalysator sind, hier gege 
ben werden. In der Abhandlung bedeutet Ph 
den Phenylrest, R den Alkyl- oder Arylrest 
und X und X’ bedeuten das Halogenatom 
selber oder sich darauf beziehende Arten. 
Alle Experimente wurden durch das halbkon 
tinuierliche Verfahren”? durchgefiihrt. 

Wie schon erwéhnt, wurde es nach Reppe 
betont, dass die Triphenylphosphin- Nickel 
komplexverbindung als Katalysator fiir die 
Acrylestersynthese eine ausgezeichnete 
Fahigkeit besitzt. Bei unserer Nacharbeitung 
ist dieses festgestellt worden. 


1 K. Yamamoto, Dieses Pulletin, 27. 591 (1954). 
K. Yamamoto, Dieses Bulletin, 27. 491 (1954). 


24. April 1954) 


Einfluss, welcher das verschiedene Halogen 
auf die katalytische Fahigkeit von 
(Ph,P),.NiX., oder (Ph,P),NiX.RX ausubt 
Es ist schon beschrieben worden, dass die 
katalytische Fahigkeit von Nickelhalogenid 
bei der Acrylestersynthese in einer Reihe 
Cl—Br-J stark zunimmt. Diese Reihe ist 
ja im Falle des Komplexkatalysators auffal- 
lend. Das Experiment wurde nach dem 
halbkontinuierlichen Verfahren unter der 
Inhalt Druckgefiss 
hinsichtlich der Synthese von Butylacrylat, 


Anwendung vom 600 cm 


durchgefiihrt. Die verwendete Menge von 
Komplexverbindung wurde so bestimmt, dass 
dejenige menge als Nickelbromid 5% an 
Butanol erhalten wird, da das Zentrum der 
katalytischen Wirkung derjenigen katalysa- 
toren das Nickelatom ist. 

Unter der Beriicksichtigung der Bestian- 
digkeit derjenigen katalysatoren fiir Butanol 
wurde Butylhalogenid als RX vom (Ph,P)s- 
NiX.RX verwendet. Die Resultate sind aus 
den Tabellen I, II und beziehungsweise aus 
der Figur 1 zu ersehen. 
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TABELLE I 
KATALYTISCHE FAHIGKEIT VON (Ph;P)2NiX2 


BuOH Katalysator Einfibrsatz. Reakttemp. Laufzeit 


Nr. (g) (g) (% re ey (°C) (Std) (Min) 
13 50 NiBrz 2.3 100 180-190 9 00 
14 50 (Ph;P)z,NiCl. 7.5 30 180 3 30 
15 50 (Ph;P),NiBre 8.5 100 180 D 00 
16 50 (Ph;P)eNiJ2 9.5 100 180 1 10 


* Die theoretische Menge vom Gasgemisch fiir 50g. Butanol ist 30.0 l. unter dem 
normalen Zustand. 
TABELLE II 
KATALYTISCHE FAHIGKEIT VON (Ph;P),NiX2RX 


Nr BuOH Katalysator Reakttemp. Laufzeit Bu-Acrylat 
re (g) (g) (%) (Std) (Min) (S¢ an BuOQH) 
35 50 (PhgP),NiClBuCl 8.5 165 8 00 60 
36 50 (Ph;P),NiBr.,BuBr 10.1 165 3 00 76 
37 350 (Ph;P),NiJ2BuJ os 140-50 0 50 50 
Note: In allen Fallen war Einftihrungssatz von Gasgemisch 100% d. Th. 
TABELLE III 
KATALYTISCHE FAHIGKEIT VON (Ph;P),NiX2BuX’ 

Nr BuOH (Ph;P)eNiX2BuX’ Reakttemp Laufzeit Bu- Acrylat 

(g) (g) (°C) (Std) (Min) (g) (9%) 
35 50 » NiCl,BuCl 8.5 165 8 00 51.5 60 
36 350 » NiBrzBuBr 10.1 165 3 00 65.5 76 
51 50 » NiClBuBr 9.1 165 3 410 56.0 65 
52 50 » NiBreBuCl 9.5 165 } 00 57.0 66 
53 50 » NiClhBuJ 9.7 140-50 0 55 16.5 54 
37 50 » NiJoBuJ 11.7 140-50 0 50 13.0 50 


auch im Falle, dass X mit X’ nicht identisch 


pF & ° : ie ist, gemacht werden. 
al 6 > Die Resultate sind in der Tabelle III gezeigt. 


In allen Fallen war der Einfiihrungssatz 
a vom. Gasgemisch 100% d. Th. Die Figur 2 
47 illustriert die Reaktionsverlaufe. 


of ff 3 y YZ me 
34 Stl 
9 a a a 
SC Leg i 


in % 
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3 4 ° 6 7 b] 








—» Laufzeit in Std. so Ot IP Vj a 
1 [(CsH;)sPbNiJe e II/f ~ 
2 [(CsH,)sPbNiBre ii] fv fr 
3 [(CsHs)3P LNiCL : j f, 
1 [(CsH,)sP bNiJoCsHoJ zy) A 
5 [(CsH,);sP bNiBroC,HyBr Pa V 
6 [(CoH;)3P /NiCloC,HyCl i | LE ee ne 
7 NiBr2 ] 2 3 } 5 6 7 3 
Fig. 1. Katalytische Wirkungen von + Lauteett tn Ses. 
[(CsH5);P}2NiX2 und [(CsHs)3P],NiX2C,HoX. ; ie =x «ii re 
2 iClzC,Ho! 
= ‘ 3 3H;)3P /NiBroC,HoB 
Einfluss, welcher das verschiedene Halogen 4 extn ),P - NiCLCHeBr 
auf die  katalytische Fahigkeit von 9 [(CsH5)sP /NiBr2CyHoCl 
6 [(CsH,)s;P]},NiCleCyH Cl 


(Ph,P),NiX,RX’ ausiibt 
Fig. 2. Katalytische Wirkungen von 


Im vorigen Paragraphen wurde der Ver- [(CsH;)aPLNiX2C,HyX’ 
gleich der katalytischen Fahigkeit von debian P 
(Ph3sP),NiX,RX’, in dem X mit X’ identisch Beobachtet man die Resultate, so werden 


war, gemacht. Im vorliegenden soll derselbe die katalytischen Fahigkeiten der Komplex- 
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verbindungen hinsichtlich der Reaktions- 
geschwindigkeit in drei Hauptklassen, d.h., 
Nr. 3% und Nr. 3%, Si, 52 und Nr. 53, 37 
eingeteilt. Wird das Halogen mit dem 
schweren Atomgewicht in die Komplexver- 
bindung entweder als Nickel- oder als 
Alkylhalogenid, d.h., in welcher Form es auch 
sei, eingefiihrt, so ist eindeutig zu ersehen, 
dass deren katalytische Fahigkeit mit der 
katalytichen Fahigkeit der Verbindung, deren 
Halogenatome all das Schwere sind, identisch 
ist. 

Diese Tatsache deutet an, dass alle 
Halogenatome die gleiche Stelle an Nicklatom 
einnehmen. Dariiber hinaus gibt dies die 
wichtige Suggestion iiber die chemische 
Konstitution von diesem Typus Komplexver- 
bindung und iiber den Mechanismus der 
Aktivierung des Kohlenoxyds' bei’ der 
Acrylestersynthese. 

Folglich kann man_ die regelmiadssige 
Ordnung iiber die katalytische Fahigkeit von 
der Komplexverbindung (Ph;P).NiX.RX’ 
wie folgt erwarten. 

(Ph: P),NiJ2RJ=<(Ph;P).NiJ2RBr= 
(Ph;P),NiJ,.RCE=(Ph;P).NiBr.RJ= 
(Ph;P), NiCl,RJ>(Ph;P),NiBr.RBr= 
(Ph;)2NiBr2RCI=(Ph;P).NiC],RBr> 
(Ph,P),NiCl,RCI. 


Beschleunigung der Reaktion bei der 
Athylacrylatsynthese 


Die Synthese’ von Athylacrylat aus 
Acetylen, Kohlenoxyd und Athanol in 
Anwesenheit von der Triphenylphosphin- 
Nickelkomplexverbindung ist im allgemeinen 
schwerer als die von Butylacrylat. 

Dies soll gerade von den schon erwdhnten 
zwei Erfahrungsgesetzen iiber die Bestdn- 
digkeit der Komplexverbindung gegen 
Alkohol induziert werden. Das heisst, bei 
der Butylacrylatsynthese ist (Ph;P),.NiX.C.H,X 
als Katalysator zwar wirksam, aber bei der 
Athylacrylatsynthese ist (Ph;P),.NiX.C,HoX 
nicht mehr zweckmassig. Wahrend die genii- 
gende Reaktionsgeschwindigkeit bei derjeni- 
gen unter Anwendung von (Ph;P).NiBroC,HoBr 
(5% an Butanol) gefunden wird, kann de- 
mentgegen bei der anderen die gleiche Gesch- 
windigkeit nicht gefunden werden, es sei denn, 
dass beinahe die zweifache Menge Katalysator 
(Ph,P).NiBr.C,.H»Br verwendet wird. 

Wir haben auf Grund der vorigen Schlus- 
sfolgerung geplant, die Reaktionsgeschwin- 
digkeit durch die Anwendung von Athljodid 
und Bromid im verschiedenen Verhdltnis zu- 
sammen mit (Ph;P),NiBr., dessen Menge dem 
(Ph,P),NiBrC,H,Br 5% auf Basis von Athanol 
entspricht, zunehmen zu lassen. Das Experi- 
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ment wurde halbkontinuierlich unter den 
folgenden Bedingungen durchgefiihrt ; 
Athanol 50g, (Ph;P),.NiBr. 2.2g, Reaktion- 
stemperatur 180°, Gesamtdruck von Gas- 
gemisch 40 Atm. 

Die zur Bildung von (Ph;P),NiBreC.H;X, 
das. den 2.2g (Ph;P),NiBr.  entspricht, 
theoretisch erforderlichen Mengen_ von 
Athylbromid und Jodid sind 0.3 und beziehung- 
sweise 0.4g. Die Figur 3 stellt die Resultate 
dar. 


in % 





>» Einsatz von Gasgemisch 


eS 
0 4 5 2 18 20 Wy 28 


— Laufzeit in Std. 


1 [(CsH;);P]},NiBr.+(AtBr: AtJ=0 :1 ) 5% 
y ini +( os =0.2:0.8) 5% 
3 re +( em =0.5:0.5) 5% 
1 +( " =0.8:0.2) 5% 
5 Ps +( ies =1 :0 ) 5% 
6 - + ( a =-1 :0 ) 10% 


Fig. 3. Beschleunigungseffekt von Jodathyl 
bei Athylacrylatsynthese. 


Wie man_aus der Figur 3 ersehen kann, 
und man Athylbromid und Jodid im Ver- 
hadltnis von 8:2 verwendet, kann man die 
Geschwindigkeit, die mit der bei der Anwen- 
dung von 5g (10%) (Ph,;P),NiBr.C.H;Br fast 
gleich ist, beobachten. 


Uber die Menge von RX 


In den Experimenten im zweiten Parag- 
raphen wurden die definierten Verbindungen 
(Ph,P),NiX.RX’ verwendet. Aber  Reppe*? 
hat angedeutet, dass die Anwesenheit von 
der iiberschiissigen Menge Alkylhalogenid zur 
Hemmung vom Auftreten des Katalysator- 
sabbruchs, insbesondere die Nickelcarbonylbil- 
dung, wirksam ist. 

Jedoch mit der Zunahme der Menge 
Alkylhalogenid nimmt die Reaktionsgeschwin- 
digkeit proportional nicht zu. Dies ist in 
der Figur 4 eindeutig gezeigt, die den Reak- 
tionsverlauf bei der Butylacrylatsynthese 
unter der Verdnderung von dem Molver- 
haltnis von Butylbromid zu (Ph;P).NiBr. 


illustriert. 
3) W. Reppe, ,,Neue Entwicklungen auf dem Gebiet der 
Chemie des Acetylens und Kohlenoxyds, Springer Verlage 

(1949) S. 103. 








502 Kazumi YAMAMOTO und Mitsuo Oku 










Pe = 
=- 0 Wha 4 - 
7s 4 a — 
a r Zn 
= 80 mo /ts2 ee ea 
vy 8Mol yi a 
d, 2Mol YK, 
ao 1Mol 
= ol —_ 4 rn r’ 
= 1 3 ) 7 ) 
ss 40 = 
i Molverhal von CyHoBi CoHs uP !2NiBre 
Em 
i ae we a er we 
a ) o ) { 2 14 
>» Laufzeit in Std. 
Fig. 4 Einfluss von Butylbromidmenge 


Die Figur 4 (A) zeigt die 3eziehung 
zwischen dem Einleitungssatz vom Gasgemisch 


und der Laufzeit und (B) die zwischen dem 
Einleitungssatz nach 5 Stunden und dem 
Molverhditnis von Butylbromid zu Bistri- 


phenylphosphin-Nickelbromid. 
4 (B) scheint es, 
Unterschied zwischen 1 
tnisse 


Aus der Figur 

bedeutende 
und 2 die Molverhal- 
des Bromids ist. (Arbeitungsmethode 
und Reaktionsbedingungen folgten denen wie 
im ersten Paragraphen beschrieben. 


dass der 


Uber die Art und Nummer von 
Halogenatom 


Die Resultate voriges Paragraphen deuten 
die Mo6glichkeit des Seins der Komplexver- 
bindung von Typus (Ph.P).NiX.2RX’, wenn 
gleich deren Isolierung, falis R Alkylgruppe 
ist, ausserordentlich schwierig ist. Wir 
haben den Reaktionsverlauf hinsichtlich der 
Komplexverbindungen beobachtet, welche eine 
jede fiir sich verschiedene Nummer des 
Halogenatoms verschiedener 
Art enthalten, um diese Frage durchzuprifen 
Die verwendeten Komplexverbindungen 


gleicher oder 
sind 
folgende 


(Ph;P).NiBroC,H»Br und dasselbe-}-C,I 
(Ph;P),.NiClLC,H,Br und dasselbe-}-C,I 
(Ph-P).Ni(OOCCH.C!).C,H»Br 

und dasselbe-+C,H Br 
Ph;P).Ni 


unbekannte 


r 
r 


1)B 
1,B 


i 


Die Komplexverbindung 
OOCCH.Cl).C, HBr, 
mit Schmelzpunkt 157 
Triphenylphosphin, Monochloressigsdure 
nickel und Butylbromid hergestellt, gemiss 
dem Herstellungsverfahren von dementsprec- 
hendem Butylchloridkomplex von Reppe?*?. 

Die unter gleichen Bedingungen erhaltenen 
Resultate sind in der Figur 5 illustriert. Die 
Menge von der als Katalysator verwendeten 
Komplexverbindung war so gewdahlit, dass 

Von diesen Resultaten werden die folgenden 


bisher die 


bis 158°, wurde aus 


4) W. Reppe, D.B.P., 895, 641; C., IT, 2251 (1951). 
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jede Komplexverbindung einen _ gleichen 
Nickelgehalt (0.67 g—-2.5 g ais NiBro.—in 50g 
Butanol) enthait. 
z - At ZU 
Vinge 
5 i a 
pu] V4.4 
O Z 
a / 
% 
A‘(C.H;)3P |2NiBr.2C,HoBr 
Bi(CyH5)3P joNiBroCyHgbr 
Cl(CeHs)3P JoNiCl2C,HoBr 
DO(C,Hs)3P |2NiClLC,HyBr 
El(CyHs5)3P J2Ni( 0OCH,CI.C)).2C,HoBr 
FO(C6H5'3P j2Ni(OOCH2CI22C,HoBr 
> Laufzeit in Std. 
Fig.5. Artund Nummer von Halogenatomen 


in KKomplexverbindungen 


wichtigen Schlussfolgerungen erzielt : 

] Wenn selbst ein Halogenatom sich in der 
Komplexverbindung befindet, so hat die 
betreffende Komplexverbindung die kataly- 

Wirkung. (Das  Chloratom im 
Monochloressigsdurerest wird dafiir 
gehalten, dass es nicht unmitteibar an der 
Reaktion teilnimmt. 

2) Betreffs der Verbindungen mit den 
Halogenatomen der Art; je mehr 
Halogenatome in einer Komplexverbindung 
enthalten sind, desto gr6sser wird 
katalytische Fahigkeit. FCE<B<A. 

3) Betreffs der Verbindungen mit den 
chiedenen Halogenatomen ist die katalyti- 
sche Wirkung von der Nummer des schweren 
Halogenatoms abhiingig. D<C. 

1) Nicht, dass selbst ein leichtes Halogenatom 
keine Rolle spielt, sondern es ist von nied- 
rigem Grade. F<D, E<C. 

5) Das Sein der Komplexverbindung von 
Typus (Ph.P),NiX,2RX’,) worin R Alky! ist, 
ist fast gewiss. 

Die eingehende Er6rterung iiber die obigen 
wollen wir anderweitig 


tische 


selben 
ihre 


vers- 


Schlussfolgerungen 
beschreiben. 


Schlusswort 


Die folgenden Resultaten wurden durch die 
Vergleichung von der katalytischen Fahigkeit 
der Komplexverbindungen erhalten. 

1. In den Komplexverbindungen von Typus 
(Ph,P),NiX, und (Ph,P),NiX,.RX nimmt die 
katalytische Fahigkeit in einer Reihe von 
Halogen Cl, Br, J stark zu. 

2. Von dem Vergleich der katalytischen 
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Fahigkeit von (Ph.P),NiX.RX (wobei XX’) 
wird erwartet, dass alle Halogenatome die 
gleiche Stelle an Nickel einnehmen. 

3. Die Komplexverbindung (Ph,;P),.NiX.2RX’, 
worin R Alkylrest ist, kann nicht isoliert 
werden. Das Sein ist aber fast unter den 
Reaktionsbedingungen gewiss. 

4. Betreffs der Nummer und Art des 
Halogenatoms wurde eine Regelmiassigkeit 
gefunden. 
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Herr Dr. K. Yoshikawa hat uns immer bei 
unseren Arbeiten geleitet und ermutigt. Wir 
sprechen dem Herrn Doktor und der Mitsui 
Chemical Industry Co., die uns diese Verdéf- 
fentlichung unserer Arbeiten erlaubte, hier- 
durch unseren herzlichen Dank aus. 


viitsui Chemical Industry Co. Ltd., 
Viike Dyestuff and Chemical 


Works, Omiuta, Fuknolca 


Zur Kenntnis 


uber die Triphenylphosphin-Nickel-Komplexverbindungen 


Von 
(Einge 


Einleitung 


Als Literatur betreffs der Eigenschaften 
des Triphenylphosphin-Nickelhalogenids gibt 
es nur eine Ver6ffentlichung von Reppe”’, die 
aber keine eingehende ist. 

Was die Strukturen der 
tersynthese wichtigen Komplexverbindungen, 
wie (Ph;P),NiX.RX’ und (Ph,P),NiX,2RX’, 
worin Pa den Phenylrest, R den Alkyl- oder 
Arylrest ausdriickt und X und X’ selbes oder 
verschiedenes Halogenatom bedeuten, anbet- 


bei der Acryles- 


rifft, gibt es keine. Der von Copenhaver* 
zitierten Meinung von Schweckendiek nach, 
verbande Alkylhalogenid durch die Neben- 


valenz mit Bistriphenylphosphin-Nickelhalo- 
genid (Ph,P),.NiX, und auch seine Annahme 
iiber den Mechanismus der Aktivierung des 
Kohlenoxyds wiirde sich auf diese Meinung 
stutzen. 

Die Struktur oder die chemischen Verhalten 
von diesen Komplexverbindungen zu_ unter- 
suchen ist sehr wichtig, um den betreffenden 
Mechanismus aufzuklaren. Wir haben wohl 
neue Erkenntnisse iiber die chemischen und 
physikalischen Eigenschaften derjenigen 
Komplexverbindungen erworben, die stets 
Beziehung mit ihrer katalytischen Fahigkeit 
enthalten. 


Thermisches Verhalten der 
Komplexverbindungen 


Wir haben das thermische Verhalten der 
Komplexverbindungen durch die Therman- 
owaage beobachtet, um die Kenntnisse iiber 

1) Vgl. K. Yamamoto und M. Oku, Dieses Bulletin, 27, 
505 (1954). 

“) W. Reppe und R. J. Schweckendiek, Ann., 560, 104 
(1948). 

3) J. Copenhaver und M. Bigelow, ,,Acetylen and Carbon- 

onoxide Chemistry“‘, Rheinhold Pub. Co. (1949), S. 262. 


Kazumi YAMAMOTO und 


gangen am 


Mitsuo Ox 
24. April 195-4) 


die Konstitution und iiber den Zusammenhang 
zwischen der Konstitution und der kataly- 
tischen Fahigkeit bei der Acrylestersynthese 
zu erhalten. 

Die Skizze des 
ist aus der Figur i ersehen. 


experimentellen Apparates 





Fig. 
Probe 


70 mg 


A, das mit 


Die genau zirka 
wurde in das quarzige Tellerchen 
dem diinnen Draht H von quarzigem Feder- 
hebel B hangt, eingesetzt und mit dem 
elektrischen Heizapparat E erhitzt. Der mit 
der Steigerung von der Temperatur zu 
begleitende Gewichtsverlust der Probe wird 
dadurch bestimmt, man den Aufgang 
von der Spitze des Hebels durch den mit dem 
Teleskop F gekuppelten, zuvor korrigierten 
Kathetometer G beobachtet. Die Geschwin- 
digkeit der Temperatursteigerung, die durch 
das Thermoelement D gemessen wird, regelt 


gewogene 


dass 


sich in 2°/Min von der Raumtemperatur bis 
200° und 1°/Min von 200° bis 250°, wobei 
die Temperatur konstant gehalten wird. Auf 


solche Weise wurde die Zersetzungsgeschwin- 
digkeit mit den Gewichtsverlust--Temperatur 


und Gewichtsverlust-Laufzeit in Kurven 
dargestelit. Zuerst wurde der thermische 
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Abbau von (Ph,P),NiBr. in der Luft beo- 
bachtet. Jedoch der Schmelzpunkt von dem 
Sublimat, das auf der oberen, inneren Mauer 
von C in der Figur 1 anklebte, war 153° unter 
dem Mikroskop. Dieser Schmelzpunkt stimmt 
gut mit dem des_ Triphenylphosphinoxyds 
(Smp. 152-3°") tiberein. Dies zeigt, dass die 
Oxydation statt findet. Folglich wurde das 
nachfolgende Experiment in der Atmosphare 
von Stickstoff durchgefiihrt. Die experimen- 
tellen Resultate sind aus den Figuren 2 und 
3 zu ersehen. 


4 


i 


iy 
\ 


> 


i. 


ee 
\ Nes 

v ‘ 
+4 


~ 


>» Gewichtsverlustin 


iu Ny” ' 
woe ‘ SS ee ee 
0 10 200 100 200 300 400 500 86600 
°C 
» Laufzeit bei 250° in Min. 
1 [(CsH;);P]}INiCl, 


2 [(CsH,;);P},NiBre 
3 [(CsH;):P }NiJe 
1 [(CsH;);P],NiBr.C,H Br 
Fig. 2(a). Thermisches Verhalten von 
Komplexverbindungen. 


i 


>Gewichtsverlust 
in 9 


Fig. 2(b). [(CsH;);P],NiBro2Cs3H,Br. 

Aus der Figur 2(b) kann man ersehen, dass 
(Ph..P),NiBr.2C,H,Br ziemlich bestandig gegen 
die Warme ist. Die anderen Verbindungen 
zersetzen sich dementgegen’ schon bei 
250°. In jedem Falle wurde das Sublimat, 
dessen Schmelzpunkt 79° mit dem des Trip- 
henylphosphins v6llig ubereinstimmte, auf 
der oberen, inneren Mauer von C und auf 
dem Draht H in der Figur 1 erhalten. 
Betreffs einiger Beispiele, bei welchen der 
Grenzwert des Gewichtsverlustes fiir konstant 
gehalten wird, sind die theoretischen Trip- 
henylphosphingehalte sowohl von (Ph;P).NiX, 
als auch von (Ph,P),.NiX,C,H»X’ und die 


4) <A. Kosolapoff, J. Am. Chen-. Soc., 64, 2382 (1942). 
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beobachteten Gewichtsverluste, in denen das 
Gewicht des auf dem Draht H_ sublimierten 
Triphenylphosphins fiir solche nicht beob- 
achtet wird, in der Tabelle I angegeben. 


TABELLE I 
VERGLEICH VON Ph;P-GEHALT UND 
GEW ICHTSVERLUST VON 
KOMPLEXVERBINDUNGEN 


Gew- Theor. 
4 ; verlust. Ph;P- : 
Komplex (%) Gehalt (a),(b) 
(a) (%) (b) 
(Ph;P)2,NiCl. 66 80.0 0.88 
(Ph3P),NiBrze 56 70.5 0.80 
(Ph;P),NiBr2C,H Br 30 59.5 0.50 
(PhgP)2:NiCl,C,H9Cl 33.3 728 0.46 
(Ph;P)2NiBrsC,H,Cl 26.4 62.8 0.43 
Infolgedessen wird die thermische Zer- 


setzung von der Komplexverbindung Typus 
(Ph;P),NiX, wie folgt ausgedriickt werden. 
(Ph;P),.NiX, — 2Ph;P+NixX, 

Bei dem Typus (Ph;P),NiX,RX dementgegen 
wird man sich vorstellen k6nnen, dass das 
von der Zersetzung sublimierte Triphenyl- 
phosphin zwar nur ein Molekiil ist, ein 
anderes aber sich in der Bindungsart ganz 
und gar unterscheidet. Unter der Beriick- 
sichtigung des Herstellungsverfahrens (vgl. 
III. Mitteilung®» k6nnte man diese Zersetzung 
im Endeffekt im Sinne der Gleichung 
erlautern. 


(Ph;P),NiX,RX — (Ph;RP)X+NiX,+Ph;P 

In der Tat erhitzten wir die Verbindung 
(Ph;P),NiBr.C,Hy,Br bei 250°, 6 Stunden lang 
unter der Anwendung vom Rose -Tiegel in 
der Atmosphidre des Stickstoffes und erhielten 
eine kristallinische Substanz aus dem Zer- 
setzungsprodukt durch die Ausziehung mit 
heissem Wasser und die Umkristallisation. 
Die Substanz schmilzt bei 235°. Wir stellten 
wie unten beschrieben fest, dass sie das 
Triphenylbutylphosphoniumbromid ist. 


Dariiber hinaus beobachteten wir gegen 
alles Erwarten, dass die von dem Zerset- 
zungsprodukt von (Ph;P),NiBr.C,H,Cl erhal- 


tene kristallinische Verbindung auch bei 235” 
schmilzt, und sie wie oben benannt, als 
Phosphoniumbromid angesehen werden soll. 


Wir mdochten iiber solche’ erstaunliche 
Umwandlung des Halogenatoms in dem 
nachsten Paragraphen auch eine andere 


Erscheinung erOrtern. 

Wenn das Alkylhalogenid sich dagegen mit 
Bistriphenylphosphin-Nickelhalogenid durch 
die Nebenvalenz verbande, sollte es zu 


5) K. Yamamoto, Dieses Bulletin, 27, 503 (1954) 
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allererst beim Erhitzen verdiinsten, wir aber 
haben Butylbromid bei der trockenen Des- 
tillation von (Ph;P),NiBrz.C,;H»Br in der 
Atmosphdre des Stickstoffes nicht fangen 
k6nnen. 

Auch die Tatsache, dass das (Ph,P).NiBr.- 
2C;H,Br auch bei 300°C noch keinen bemer- 
kenswerten Gewichtsverlust bietet, diirfte 
die Nebenvalenz-Theorie von Schweckendiek 
verneint werden. 


in % 


Mol. 


— Abgebaut. 





$n 
0 100 200 300 400 


— Laufzeit bei 250° in Min. 


1 [(Cs5H;);P »NiCle 

2 [(CsH,);P bNiBr> 

3 [(CoH;)3P }2NiJe 

4 [(CsH;)sP ]2NiCleC,HoCl 

5 [(CsH;)s3P bNiBr.C,H Br 
6 [(CsH;)sP J2NiJoCyHoJ 

7 [((CsH;)s3P LNiBreC;HoCl 


Thermische Zersetzung von 
Komplexverbindungen. 


Fig. 3. 


Die Figur 3 illustriert die Zersetzungsnei- 
gungen von (Ph;P),.NiX, und (Ph;P),.NiX,RX’ 
Prozent vom abgebauten Molekiil 
gegen die Laufzeit bei 250°. Davon wird 
man den Effekt, welcher das Halogen auf die 
Bindung zwischen dem Nickel und Triphenyl- 
phosphinrest ausiibt, wissen k6nnen. Das 
heisst, betreffs der Komplexverbindung jedes 
Typuses, in der Reihenfolge Chlorid—Bromid 
+Jodid nimmt deren Stabilitat zu. Unter 
Erinnerung der in der vorigen Mitteilung 
beschriebenen Reihenfolge der katalytischen 
Fahigkeit von den Komplexverbindungen, 
kénnte man die wichtige Tatsache, dass die 
katalytische Fahigkeit mit deren Stabilitat 
in der gleichen Ordnung steht begreifen. 


mit dem 
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Zersetzung von Komplexverbindungen 
in Methanol 


Wir haben vorher zwei Erfahrungsgesetze 
iiber die Stabilitat der Komplexverbindung 
(Ph;P),NiX,RX’ gegen Alkohol beschrieben. 
In Methanol jedoch zersetzt sich die Verbin- 
dung, welcher Typus es auch sei. Wir 
erforschten zuerst das Verhalten von 
(Ph;P).NiBro, (Ph.P),NiBr.C,H»Br und (Ph;P),- 


NiBr.2C;H;Br als Vertreter jedes Typus 
qualitativ. 

Wird zirca 0.5g der Probe mit 5cm* 
Methanol bei Zimmertemperatur behandelt, 


so lést sich die Komplexverbindung unter 

Verldschung der eigentiimlichen Farbe und 

mit spontaner Verdampfung von Methanol 

kristallisiert das Zersetzungsprodukt aus. 

1) Von (Ph,P),NiBr. kristallisiert Tripheny]- 
phosphin (Smp. 79°) beinahe quantitativ aus. 

2) Von (Ph;P),NiBroC,HoBr kristallisiert der 
wasserldsliche Kristall mit hohem Schmelz- 
punkt nebst dem Triphenylphosphin aus. 

Wenn man den ersteren daraus mit heissem 

Wasser extrahiert und ihn zweimal aus 

Wasser umkristallisiert, so kann man den 

farblosen, kubischen Kristall mit Schmelz- 

punkt 235° erhalten. (Amal. gef. P 7.71, C 

67.5, H 5.80%) 

Fiigt man zur wdssrigen Lésung von dem- 
jenigen die des Silbernitrats hinzu, so schlagt 
Silberbromid sofort nieder. Also kann man 
die Substanz fiir Triphenylbutylphosphon- 
iumbromid erachten, das bisher nicht verof- 
fentlicht wurde. Wir haben es aus Tripheny!- 
phosphin und Butylbromid im Butanol bei 
180° hergestellt und beobachtet, dass dessen 
Schmelzpunkt auch bei 235° ist. 


((C.H;)3(C,H»)P JBr 
Gef. P 7.73 C 65.98 H 5.99 Br 20.1% 
Ber. yf i 66.20 6.02 20.0 


Dieses Praparat zeigte keine Schmelzpunkt- 
depression bei der Mischprobe mit der aus 
Produkt sowohl der Methanolyse als der 
thermischen Zersetzung erhaltenen Probe. 

Folglich wurde es festgestellt, dass auch 
die Zersetzung in Methanol, wie bei der 
thermischen, verlauft ; 

(Ph;P),NiBr2C,H Br 
— [Ph,;(C,H,)P|]Br+NiBr. 


3) Von (Ph,P),NiBr.2PhBr 
he:.ylphosphin nicht mehr aus, sondern 
wird der  wasserldsliche Kristall von 
Schmelzpunkt 287°, der mit dem des 
Tetraphenylphosphoniumbromids” iiberein- 


Ph;P 


scheidet Trip- 


6) J. Dodonov, Ber., 61, 907 (1928). 








S) 
to 


stimmt, gefunden. Folglich wird die Zer- 
setzung mit der folgenden Gleichung aus- 
gedriickt ; 


Ph.P),NiBr.2PhBr — 2(Ph,P)Br+ NiBr. 
Nachher wurde die Zersetzung von (Ph.P). 


NiX.RX’ untersucht, 


wobei X 
Halogenatom 


oder (Ph.P),NiX.2RX’ 
beziehungsweise X’ verschiedenes 
bedeutet. In Fallen 
haben wir eine wichtige Tatsache gefunden, 
dass als Halogenatom des Phosphoniumha- 
logenids, wie bei der thermischen Zersetzung 
stets das mit schwerem Atomgewicht festges- 
tellt wird. Zum Beispiel wird nur Triphenyl- 
butylphosphoniumbromid (Smp. 235°) bei der 
Zersetzung sowohl von (Ph;P),NiBroC,HoCl 
wie von (Ph,P),NiClLC,H »Br gefunden und 
nicht Triphenylbutylphosphoniumchlorid, das 
aus Triphenylphosphin und Butyl- 


diesen 


von uns 


chlorid in Butanol hergestellt wurde, und 
dessen Schmelzpunkt 227-8° war. Also 


werden beide Zersetzungen wie folgt gezeigt; 
(Ph;P),NiBroC,HoCl > 
fPh.(C,H»)P JBr+-4NiBr.+4 
Ph.,P).NiCl,C,H )Br- 
Ph;(C,H»)P JBr+ NiCl, +Ph,P 
Auch bei der Zersetzung von (Ph,P).NiBr. 
2PhCl oder (Ph,P),NiCl,2PhBr wird die gleiche 
Erscheinung beobachtet, Abbau- 
produkte jedenfails Tetraphenylphosphonium- 
bromid und Nickelchlorid sind. Dies beseitigt 
die Zweifel, welche zwei derartige Komplex- 
verbindungen, die gleiche Farbe und gleichen 
Schmelzpunrnkt haben, jede fiir sich die 
Gemische der gleichen Menge von (Ph;P). 
NiBr.2PhBr und (Ph.P).NiCl.2PhC]! sein sollten 
und bringt dies vielmehr die Méglichkeit her 
vor, dass beide dieselben Verbindungen sind. 
Diese Resultate stellen die in voriger Mit- 
teilung beschriebene Schlussfolgerung ,,Alle 
Halogenatome néhmen gleiche Stelle 
an Nickel ein’ dar und zwar verneinen 
grundsiatzlich den Schweckendiekschen 





4NiCl.,-i-Ph,P 





> 


dass. die 


Gedanke, dass Alkylhaloganid sich an (Ph;P), 
NiX, nur durch Nebenvalenz verbiande. 
Als solche Strukturen, in denen die Halo- 


Stelle an Nickel ein- 
folgenden an, ab- 


genatome die gleiche 
nehmen, nehmen wir die 
gesehen davon, dass entweder diejenigen die 
echten Elektrolyte sind oder Nichtelektrolyte ; 


x os 
Fur (Ph,P)sNiXoRX’ Ph;P—Ni—PPh, 
R x 
oder (Ph;RP) (Ni(PPh;)X2X"_ 


Fur (Ph;P),NiX,2RX’ Ph;P—Ni—PPh; 


as’ 2 
oder (Ph;RP)(NiXsX‘) 


Kazumi YAMAMOTO und Mitsuo OKU 


[Vol. 27, No. 8 


Unter der Annahme von diesen Strukturen 
wird man sowohl das thermische Verhalten 
als auch die Zersetzung von Komplexver- 
bindungen in Methanol sowie die Méglichkeit, 
dass (Ph.P).NiBr.2PhCl und (Ph,P),NiCl.2PhBr 
die gleichen Verbindungen seien, gut vers 
tehen kénnen. Uber das katalytische Ver- 
halten von (Ph,P),NiX.RX’ mdchten wir ander 
weit noch naher diskutieren. 


Leitungsfahigkeit von 
Komplexverbindungen 


Zuerst wurden die Leitungsfahigkeiten von 
Ph,P),NiBr.C,H Br und (Ph,P),NiBr.2PhBr in 
Aceton, das ein gutes Loésungsmittel fiir 
dieselben ist, bestimmt. Wie in der Tabelle 
II Zeile I und II gezeigt, wurden die Resultate 
gefunden, dass diese Verbindungen die Elek- 
trolyte sein kénnten. Aber auch die Kom- 
plexverbindung (Ph;P),.NiBr., die von den 
Arbeiten von Jensen” iiber  Bistriathyl- 
phosphin-Nickelchlorid C.H;);P}.NiCl ein- 
deutig als Nichtelektrolyt angesehen wird, 
zeigte die Leitungsfahigkeit wie in Zeile III. 
Dies erlautert, dass auch in Aceton das schon 





beschriebene Dissoziationsgleichgewicht vor- 
handen ist. 
Ph;P),.NiBr. ——— 2Ph,;P-+NiBr2 
(Ph,P).NiBr.C,H Br 
~—— (Ph;C,H»P)Br+ NiBr. + Ph;P 
(Ph;P),NiBr22PhBr ——— 2(Ph,P)Br+ NiBr. 
Folglich gibt es eine Gefahrlichkeit, dass 


die erhaltenen Leitungsfaihigkeiten die der 
Komplexverbindungen fiir sich nicht 
bedeutsam sind, sondern die von Nickelbromid 
und Phosphoniumbromid. 
TABELLE I] 
LEITUNGSFAHIGKEIT VON 
KOMPLEXVERBINDUNGEN IN ACETON 





Ver- Mol. 

Komulex Temp. dinungs- Leitungs 

' (°C) grad fahigkeit 
(cm’*.) (Q™+) 
(Ph: P),NiBroC,H »Br 20 2.5105 72.91 
‘. 5.0 % 105 84.53 
1.0 10% 102.5 
2.0 x 108 108.8 
(Ph;P),NiBr.2PhBr 20 1.9% 10% 210.6 
II 3.8 x 10& 231.4 
7.6 g% 235.3 
1.5% 10° 212.9 
(Ph;P)sNiBrs 20 2.5 x 105 32.9 
ITI. 5.0 * 105 39.08 
1.0 * 108 12.28 
1.0 66 15.47 

8.0 x 108 92.13 

1.6% 107 62.52 


4) K. A. Jensen, Z. anorg. allg. Chem., 229, 273 (1936). 
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Diese Erscheinung wurde auch in Butanol 
an (Ph;P),NiBr.C,H»Br, wenn der Umfang 
auch niedrig ist, beobachtet. Die Tabelle III 
zeigt diese Reultate und die eigentiimlichen 
Leitungsfihigkeiten von Nickel- und Tri- 
phenylbuty!lphosphonium-bromid in den Zeilen 
I, Il, und bzw III. Dariiber hinaus stellt die 
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Zeile IV die Leitungsfahigkeit der gleichen 
Komplexverbindung in Athanol dar. Die 
hdheren Werte im Athanol geben das in der 
Mitteilung III’ erwaihnte zweite Erfahrung- 
sgesetz iiber die Bestandigkeit der Komplex- 
verbindung in Alkohol quantitativer dar. 


TABELLE III 
| EITUNGSFAHIGKEIT VON KOMPLEXVERBINDUNGEN IN ALKOHOL 


ixomplex Alkohol 

(Ph,P),NiBroC;H Br Butanol 
I. 

NiBro Butanol 
II. 


(Ph:C,H,P)Br 
II]. 


3utanol 


(PheP)sNiBroC,H,Br Athanol 


IV. 


Die Tabelle III erlautert, dass die Dissozia- 
tion desto grOsser wird, je hdher die Tem- 
peratur ist. Aber unter Anwendung der 
eingeschlossenen Zelle zeigten die Leitungs 
fahigkeiten der bei erhdhter Temperatur 
stehenden Butanoll6sung von (Ph;P)s 
NiBr.C,H»Br durch den maximalen Wert bei 
120° den Abfall (Tabelle IV.) 


TABELLE IV 
LEITUNGSFAHIGKEIT DER BUTANOLLOSUNG 
VON (Ph;P),NiBreC,H Br BEL ERHOHTER 
TEMPERATUR 

(Verdtnnungsgrad 3.1 10°cm.* bei 20°) 
Temperatur (°C) 

70 100 110 120 130 
Mol. Leitung. (27!) 

24.80 30.70 34.10 34.10 30.70 29.22 27.60 


140 150 


T 


Unter Beriicksichtigung von der Verin- 
derung seiner Farbe bei der erhéhten Tem- 
peratur (vgl. III. Mitteilung) wird dies 
dadurch aufgeklart, dass es auf die Vermin- 
derung vom Dissoziationsgrad zuriickfiihrt. 
Es ist jedoch eindeutig, dass die oben erhal- 
tenen Data die Erkenntnis, die wir erhalten 
wollen gerade nicht ergeben. Wenn, demnach, 
Triphenylphosphin (Smp. 79°), das ein Dis- 
soziationsprodukt ist, verwendet wird, wird 


Mol. Leitungs 


Verdiinnungs- saa a Srnec 
~ fahigkeit (27!) 


grad (cm) 





20 00 
5.0 x 104 6.70 11.05 
2.0 x 10° 9.40 16.50 
5.0 * 10° 10.36 20.55 
5.0 * 108 20.25 32.85 
1.9 104 1.85 2.39 
7.9104 y 2.87 
1.9 10° 3.25 1.15 
1.9 10% 7.87 10.54 
1.9107 17.30 23.08 
».60 9.89 
7.50 13.08 
8.90 15.92 
13.60 6.40 
"1 15.95 28.02 

2.8 x 104 27.6 38.6 
».6 x 104 33.1 16.3 
2.8 x 105 16.2 65.5 
2.8 x 106 70.3 103.2 


man die Leitungsfihigkeit von Komplexver 
bindungen an und fiir sich selbst erhalten 
k6nnen, der Verstellung des Gleichgewichts 
nach links wegen. Das Resultat des von 
obigem Gesichtspunkt durchgefiihrten Ex- 
periments erlautert, wie in der Tabelle V 
gezeigt, (Ph;P).NiBroC,H»Br fiir sich gewiss 
ein Nichtelektrolyt zu sein. 
TABELLE V 
LEITUNGSFAHIGKEIT VON (Ph;P)sNiBroC,HyB1 
IN GESCHMOLZENEM TRIPHENYLPHOSPHIN 


Verdtinnungs- Temperatur Mol. Leitungs 


grad (cm*.) (°C) fahigkeit (Q7') 

1.03 x 104 200 
1.03 x 10% 200 
1.03 x 10? 200 

1.03 x 10 200 1.43 x 107¢ 

1.03 x 10 180 1.07 x 10-4 

re 160 7.99 x 1075 

™ 140 9.19 x 107° 

» 120 3.21 x10 

- 100 1.60 x iO 

80 3.78 x 10-4 


Diese Werte sind auf der Dichte von 
Ph;P dy 1.07498) grundet,  folglich 


bedeuten sie den Verdunnungsgrad bei 
80°. 


) A. Walden, Z. fur phys. Chem., 79, 714 (1912). 
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ist zu 
werden 


% Spezifische 
gering, 
k6nnte. 

Auch in Bezug auf die Triphenylphos- 
phinl6dsung von (Ph;P),NiBr2 und (Ph;P). 
NiBre2PhBr wurden die Leitungsfahigkeiten 
bestimmt und die Resultate wurden erhalten, 
wie aus der Tabelle VI zu ersehen. 


Leitungsfahigkeit 
als dass sie gemessen 


TABELLE VI 
LEITUNGSFAHIGKEITEN VON (Phz;P)oNiBro 
UND (Ph;P),NiBrz2PhBr IN 
GESCHMOLZENEM Ph;P 


Ver- Mol. 
ee dinnungs- Temp. Leitungs- 
oo, grad (°C) fahigkeit 
(cm*,)* (Q7!) 
(PhsP)eNiBre 1.06 x 104 200 ine 
Smp. 219-22 41.06 x 10% 200 ** 
1.06 x 10? 200 ¥** 
1.06 x 10 200 4.761076 
- 180 2.751076 
a 160 9.511077 
(Ph;P),NiBro2PhBr 3.99104 250 + 
Smp. 270 3.99 x 10% 250 
3.99 x 102 250 3.74107 
» 220 2.341074 
2 200 1.49107 
3.99 x 10 250 1.281074 
220 8.781075 


” 


200 6.781075 


” 


Vgl. Tabelle V. 
Struktur der Komplexverbindungen 


Von den Resultaten der Leitungsfahigkeiten 
wurde es klar, dass alle drei Typen Kom- 
plexverbindungen als Nichtelektrolyte an- 
gesehen werden kénnen. Betreffs des (Ph;P), 
NiX, kommt es nicht in Betracht, da dessen 
Konfiguration, welche die das Nickel als 
Zentralatom enthaltene ebene Konfiguration 
nach dem Arbeiten von Jensen iiber den 
Triathylphosphinabkémmling analogisch 
erwartet werden soll, durchaus als Nichtelek- 
trolyt angesehen wird. 


Was die anderen zwei Verbindungen 
betrifft, so steht das nun in Frage. Wir 
moéchten unsere Meinung dariiber qualitativ 


beschreiben, da zur Entscheidung der genauen 
Konfiguration man die X-Strahlen- oder min- 
destens magnetische Untersuchungen durch- 
fiihren muss. Um deren  Konfigurationen 
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festzustellen, haben wir die Erkenntnisse 
iiber das Absorptionsspektrum oder Dipolmo- 
ment suchen wollen, aber die genauen Resul- 
tate wegen des Auftretens der Dissoziation in 
einer LOsung, wie schon beschrieben, nicht 
erhalten k6nnen. 

Zum Beispiel, hinsichtlich des (Ph;P)2Nix2RX’ 


kann man bloss von den Resultaten der 
Leitungsfahigkeit allein keinen Schluss 
dariiber ziehen, denn der Grund ist noch 
schwach, um die Wesenheit von Ionkomplex 
(Ph;:RP)( Ni(PPh;)X2.X’}, wenn er auch in 


geschmolzenem Triphenylphosphin elektroly- 
tisch nicht dissoziiert, abzulehnen. Auch bei 
(Ph,P)2NiX.2RX’ k6nnte man eine salzartige 
Struktur (Ph;RP).(NiX,X%) gar nicht ausser 
acht lassen. 

Aber alles zusammengenommen, ist es 
hinreichend mdglich, dass man die Struktur 
der 5- bzw. 6-Koordinationskomplexverbin- 
dungen annimmt. 

In jiingster Zeit haben Burstall und 
Nyholm” in ihren Arbeiten iiber {Ni(o-Phen- 
ylenbisdimethyl-Arsin),Cl,JCl  verdffentlicht, 
dass dessen echte Struktur durch Reson- 
anzhybride dargestellt werde, zu welcher die 
Struktur mit der einfachen Bindung und die 
mit der Doppelbindung (z-Bindung), die sich 
unter Anwendung von 3d-Elektronenpaar des 
Nickelatoms und der vakanten d-Bahn des 
Arsenatoms bildet, wie folgt beitragen ; 


CH; CH; CH; CH; 
‘As . , As 
Ni «< = Ni 
As 7 “Y™ As 
CH; CH; CH; CH; 
Bei (Ph;P),NiX, m6dchten wir auch gleiche 
Erlauterung geben. 


X X 


Ph;=P—Nit-P=Ph; <———> Ph;=P -Ni=P =Ph; 
| | 
X X 
Unter der Annahme des wahrscheinlichen 
Doppelbindungscharakters der P-Ni Bindung 
kann man die Anlagerung von RX’ zu der 
betreffenden Verbindung leicht erklaren. 


x 
| 


-P—Ni«P==Ph,«—>+Ph,==P—Ni =P=Ph; 


Xx RX’ X RX’ X 
R/ re 
x RX 
xX xX 
Ph;=P—Ni—P=Ph; 
| ; | 
a 


9) A. Purstall und R. Nyholm, /. Chem. Soc., 1952, 3570. 
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Auch die sekundare Anlagerung von RX’ 
kann man ebenfalls dadurch so auffassen und 
die Resonanzhibride von (Ph;P),NiX,RX’ 
annehmen, wie oben gezeigt. Die leichte 
Umwandlung von Dialkylhalogenid zur Mono- 
alkylhalogenidkomplexverbindung k6nnte 
man auch durch die verbesserte Bestindigkeit 


CIH,zCCOO OOCCHSCI 
Ph;P—Ni—PPh, und 
ge =z 


Von den obigen Meinungen und von den 
Werten der Leitungsfahigkeiten wagen wir 
die Behauptung, dass solche Komplexver- 
bindungen jede fiir sich 5- bzw. 6-koordinative 
Verbindung sind. 

Von nun an wollen wir sie bequemlich- 
keitshalber wie folgt bezeichnen. 
(Ph;RP)-Ni(PPh,;)X,X’ fiir (Ph;P),NiX.RX’ und 
(Ph;RP)»s: NiX,X‘s fiir (Ph,P).NiX,2RX’. 


Zusammenfassung 


1. Von den Experimenten uber das ther- 
mische Verhalten sowohl als auch iiber die 
Zersetzung der Komplexverbindungen in 
Methanol wurde gezeigt, dass RX’ in (Ph;P)2 
NiX,2RX’ oder (Ph;P),NiX.2RX° durch die 
Nebenvalenz an (Ph,P).NiX, nicht verbunden 
ist. Beide Verbindungen sollen vielmehr mit 
den folgenden Formeln ausgedriickt werden: 

X X 

Ph;P—Ni—PPh; oder (Ph;RP) Ni(PPh,)X2X’ 

R X 
Ph;P—Ni—PPh; oder (Ph;RP)» (NiX2X’s)* 

RX’ XR 

Unter der Annahme solcher Strukturen ist 

aufzuklaren, dass aile Halogenatome die 


* Reppe hat erst in seinen Vortragen zum Andenken an 
das 75. Jubilaum der japanischen chemischen Gesellschaft 
veroffentiicht, dass Komplexverbindung _(Cg@Hs'sP(CaHs) 2NiBr: 
bei der Butylacrylatsynthese als Katalysator verwendet wird. 
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von der letzteren aufgrund der Resonanz 
verstehen. 

Ferner hinsichtlich der in der Mitteilung 
IV  beschriebenen Monochloressigsaures- 
nickel-Komplexverbindungen, ware es _ ver- 
niinftiger, die 5- bzw. 6-koordinative Ver- 
bindung anzunehmen. 


CIHzCCOO OOCCH,CI 


Ph;P—Ni—PPh; 


RX XR 


gleiche Stelle an Nickel einnehmen, und dass 
(Ph;P),NiBr22PhCl und (Ph;P),NiCl,2PhBr eine 
gleiche Verbindung sind. 

2. Es wurde bei der Zersetzung sowohl 
von (Ph;P),.NiX,RX’ als von (Ph;P),.NiX.2RX’ 
in Methanol beobachtet, dass das Halogen- 
atom mit schwerem Atomgewicht sich als 
Phosphoniumhalogenid stets von der Kom- 
plexverbindung trennt. Bei der thermischen 


Zersetzung von (Ph;P),NiX,RX’ ist auch die 
Lage der Dinge gleich. 
3. Durch die Messung der Leitungs- 


fahigkeit der Komplexverbindungen in ges- 
chmolzenem Triphenylphosphin erfolgt, dass 
(Ph3;P),NiX,, (Ph;P),NiX,RX’ und  (Ph;P). 
NiX.2RX’ all die Nichtelektrolyte sind. Auf 
Grund dieser Resultate haben wir  iiber 
ihre Strukturen betrachtet und die Behaup- 
tung gewagt, dass die letzten zwei Verbin- 
dungen jede fiir sich 5- bzw. 6- koordinative 
Verbindung seien. 


Die Herren Dr. K. Yoshikawa und K. Ohga 
haben uns stets bei unseren Arbeiten leitend 
unterstiitzt und ermutigt. Wir sagen diesen 
Herren und der Mitsui Chemical Industry 
Co., die uns diese VerOffentlichung unserer 
Arbeiten erlaubte, hierdurch unseren herz- 
lichen Dank. 


Mitsui Chemical Industry Co. Ltd., 
Miike Dyestuff and Chemical 
Works, Omuta, Fukuoka 
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Zur Kenntnis uber die Hochdrucksynthese von Acrylester. VI. Mechanismus 
der Aktivierung des Kohlenoxyds an Triphenylphosphin-Nickelkomplex- 


verbindungen 


Von Kazumi YAMAMOTO 


(Eingegangen am 21. April 1954) 


Einleitung 


In der vorigen Mitteilung'’? habe ich 
vorgeschlagen, die Triphenylphosphin-Nickel- 
komplexverbindungen von Typus_ (Ph;P)p,- 
NiX,RX’ und (Ph,P),.NiX.2RX’, worin Ph den 
Phenylrest, R den Alkyl- oder Arylrest aus- 
driickt und X und X’ selbes oder verschie- 
denes Halogenatom bedeuten, beziehungs- 
weise als (Ph:RP)-Ni (PPh;) X.X’ und 
(Ph.RP).: NiX.X.’ zu bezeichnen. In dieser 
Mitteilung soll der Mechanismus der Akti- 
vierung des Kohlenoxyds an Komplexver- 
bindungen bei der Acrylestersynthese erortert 
werden. 

Uber den betreffenden Mechanismus sind 
die Ph,PNi(CO),-Theorie von McKinley”? 
und die Hypothese von Schweckendiek, die 
in Copenhavers’ Buch" beschrieben ist, 
bekannt. 

Um es kurz zu sagen, ist die Hypothese 
von McKinley wie folgt: Nickelcarbonyl mit 
der tetrahedrischen Struktur gibt unter der 
Umsetzung mit einem Molekiil von Tripheny]- 
phosphin das wahrscheinlich verzogene Tri- 
phenylphosphin-Nickelcarbonyl Ph,PNi(CO);, 
das durch das Nahekommen des Acetylens 


unter der Abgabe von einem Molekiil Koh- 
lenoxyd die Zwischenverbindung Ph,PNi 
(CO).(C.H.) liefert. Das Ph;PNi (CO), wird 


durch die Einwirkung von Kohlenoxyd auf 
solche instabile Zwischenverbindung wieder- 
erzeugt, wobei das aktive Cyclopropenon 
sich bildet. Nach meinem Experiment jedoch 
hatte das Ph;PNi(CO); die katalytische 
Wirkung durchaus nicht. 

Dementgegen 
these von 


scheine es, dass die Hypo- 
Schweckendiek aus den drei 
verschiedenen Gedanken 
heisst ; 

1) (Ph,P),.NiX, gibt mit Kohlenoxyd unter 
der Abgabe von den Triphenylphosphinresten 
das sehr aktive (CO).NiX,, das wieder mit 
Triphenylphosphin umsetzt und aktiviertes 
Kohlenoxyd abgibt. 


bestinde. Das 


1) K. Yamamoto und M. Oku, Dieses Bulletin, 27 509, (1954) 
2) C. McKinley, Ind. Eng. Chem., 44, 95 (1952). 
3) J. Copenhaver und M. Bigelow, ,.Acetylene and Car- 


»onmonoxide Chemistry“‘, Rheimhold Publ. Co., (1949), S. 261 


Ph,,P),.NiX2.+2CO =< (CO).NiXs+-2Ph;P 


Dabei spielt Alkylhalogenid die Rolle, die 
Nebenreaktion vom Katalysator selbst zu 
hemmen. 

2) Bei (Ph;P).NiX.RX’ (er behauptet, dass 
RX’ sich durch die Nebenvalenz mit (Ph;P).- 
NiX., verbiande) wird Alkylhalogenid rever- 
sibel durch Kohlenoxyd umgesetzt, wobei das 
Kohlenoxyd aktiviert wird 

3) Der letzte Mechanismus 
schematisch dargestellt ; 


wird nur 


RBr 





2(Ph,P),NiBr.RBr 
(Ph;RP) Br 
Ph.P).(NiBrs)2RBr 


> (Ph;P).( NiBr.)»RBr 


+CO — (Ph;P).(CO) (NiBr.).RBr 
R'OH 
Ph.P),(CO) (NiBrs)2RBr+(Ph.;RP)Br — 
CaHe 


CH.: CHCOOR’-+-2(Ph;P)2,NiBr.RBr 

Es scheint, dass es seinen Gedanken an 
der Folgerichtigkeit fehlt. Dariiber hinaus 
wird von mir festgestellt, dass Alkylhalogenid 
sich nicht nur durch die Nebenvalenz mit 
(Ph.P)o.NiX, verbindet. 


Reaktion von Komplexverbindungen 
mit Kohlenoxyd 


Als ein Mittel zur 
Mechanismus der 
oxyds am 


Forschung vom 
Aktivierung des Kohlen- 
Komplexkatalysator wurden die 
Verhalten von den typischen Ver- 
tretern, wie (Ph;P).NiBr., [Ph;- 
; (C,H»)PJ-Ni(PPh;)Br; und [Ph;- 
(C,H»)P]-Ni(PPh;)Br;+ C,H Br 
(anstatt des  unisolierbaren [Ph;- 
(C,H»)P].: NiBr,), gegen das unter 
Druck stehende Kohlenoxyd in 
Anwesenheit von  Butanol beo- 
bachtet. Ich verhinderte dadurch 
das Reaktionsgemisch mit der 
| Gefasswand in Beriihrung zu kom- 
men, indem ich in einem Autoklav 


100cm* Inhalt ein gedffnetes Glas- 

Fig. 1 gefiss von zirca 50 cm’ Inhalt 
‘asia (Figur 1.) einsetzte, in welchem 
20 cm* Butanol und 5 g Komplexverbin- 


November, 1954] Zur Kenntnis iiber die 
dung enthalten waren. Die Reaktionsbeding- 
ungen wurden wie folgt bestimmt; Anfangs- 
druck von Kohlenoxyd 15 Atm Reaktionstem- 
peratur 180°, Laufzeit 1 Stunde. 

1) (Ph,P),NiBr,.— Unter den Reaktions- 


bedingungen wurde einiger Druckabfall 
beobachtet. Nach der Abkiihlung wurde 
die Bildung von Nickelcarbonyl durch die 
Rauchreaktion mit Bromdampf nachgewiesen. 
Das Reaktionsgemisch (hellgriin) liegen 
2Ph.,PNi(CO),; ——> Ni(CO), 

>Ni 

Wenn man die Mutterlauge nach der 
Beseitigung solch unldslicher Substanzen 


noch einmal konzentriert, so kann man einen 
griinen Kristall (ca. 2g) nebst der kleinen 
Menge Triphenylphosphin (Smp. 79°C) erhal- 
ten. Der aus  Butanol umkristallisierte 
schmilzt bei 178° und zeigt keinen Schmelz- 
punktabfall bei der Mischprobe mit (Ph.- 
C,H,)P)-Ni(PPh.)Br,---d.h.,(Ph,P),NiBroC,H,Br 
---(Smp 178 Das Erstaunliche ist, dass die 
urspriingliche Substanz (Ph.P).NiBr. gar 
nicht nachgewiesen wurde. Was die Bildung 
des [Ph,(C,H»)P]-Ni(PPh;)Br, betrifft, so kann 
man sich des Herstellungsverfahrens dessel- 
ben aus (Ph,P).NiBro und Brom in Anwesen- 
heit von Butanolerinnern'. Das heisst wird 
der Reaktionsverlauf den folgenden Gleich- 
ungen geimiss dargestellt ; 

2Br oder 


(Ph;P).NiBr. + 2CO-(Ph;P),Ni(CO). 


(Ph;P).NiBr. + 3CO—Ph;PNi(CO);-+ Ph;P+ 2Br 

2(Ph.,P),NiBr. + 4C,H,OH + 2Br—2(Ph;(C,Hy9)P)- 
Ni(PPh.)Br., + C:H;COOC,H, +2H,0O 
Auch bei der Acrylestersynthese unter 


der Anwendung vom gleichen Glasgefiss 
wurden die Bildungen von (Ph.;P) Ni(CO), 
und [Ph, (C,H ») P]-Ni(PPh.) Br, festgestellt. 


Davon folglich wird die so wichtige Tatsache 


{| Ph.(C,Hy)P]. : NiBr, 


Der Mechanismus der Aktivierung 
des Kohlenoxyds 
1) Mechan?smus an (Ph,P).NiBr.. — Wi« 
in der Einleitung beschrieben, wird nach 
Schweckendiek der Mechanismus an (Ph;P).- 
NiX. gemiiss der Gleichung dargestellt : 
(Ph,P).NiX, + 2CO —— 2Ph,P+(CO).NixX, 


Es wurde jedoch erklart, dass die kataly- 





4) K. Yamamote, Dieses Bulletin, 27, 591 (1954). 
») K. Yamamoto und M. Oku, Dieses Bulletin, 27, 595 (1954) 


Hochdrucksynthese von Acrylester. 


4CO->2|Ph,(C,H,)P|Br 


Vi. 917 


gelassen, schied sich der weisse Kristall ab‘ 
der bei 123° unter der Zersetzung schmilzt, 
und der als fiir Ph,;PNi(CO), (vgl. Mitteilung 
III*) angesehen werden kann. Nach der 
Abscheidung vom Kristall die Mutterlauge 
unter dem Riickfluss gekocht, wurde der 
andere Kristall vom Schmelzpunkt 206 
mit der Bildung des Nickelspiegels erhalten. 
Dies ist im Sinne folgenden Schemas zu 
erklaren : 


(Ph;P).Ni(CO), Smp. 209 
4 CO 
angedeutet, dass die katalytische Wirkung 
von der Komplexverbindung (Ph,P).NixX. 
wirklich die von (Ph.RP)-Ni(PPh;)X; sei. 

2) [Ph,(C,H,) P|-Ni(PPh.,) Br,------ [(Ph,P).- 


NiBr.C,H,Br].— Unter den ganz _ gleichen 
Bedingungen reagiert diese Komplexver- 
bindung mit Kohlenoxyd fast nicht. Sie 
wurde meistens ohne Verinderung zuriick- 


gewonnen. 

3) [Ph, (C,H,) P],: NiBr,---[(Ph,P), NiBr.- 
2C,H,.Br].— Wie bisher wiederholt gesagt, 
wurde [Ph, (C,H») P]-Ni(PPh.) Br; zusammen 
mit einem Molekiil Butylbromid zur Probe 
angewandt, da die Komplexverbindung dieses 
Typus unisolierbar ist. In diesem Falle, wird 
nach der Reaktion Nickelcarbonyl im Abgase 
und die erheblichen Mengen 
Kristalls mit Smp. 235 
und des Nickelbromids wurden vom Reak- 
tionsgemisch aus erhalten. Der Kristall wird 
fiir Triphenylbuty!phosphoniumbromid (Smp. 


nachgewiesen 
des wasserldslichen 


235°') identifiziert. Es ist zwar schwierig, 
den Wiederspruch zwischen solchem Ver- 
halten und der _ katalytischen Wirkung 
dieses Typus aufzukliren. Jedoch kann man 
das Sein der Komplexverbindung' dieses 
Typus und das Auftreten der folgenden 


Reaktion erwarten: 
Ni(CO), + Br. 


NiBr, + 4CO 
tische Wirkung dieser Komplexverbindung, 
wie in dem vorigen Paragraphen dargestellt, 
auf die von (Ph.RP)-Ni(PPh,;) X;  zuriick- 
zufiihren ist. Die betreffende Gleichung 
wird wiedergegeben: 
3(Ph.P).NiX. + 3CO + 4ROH-—2(Ph,RP)- 
Ni(PPh.)X; + Ph;PNi(CO). + Ph;P 
2H,0 + R’COOR 
Verlauft demnach diese Umsetzung quan- 
soll sich 2/3 Molekiil (Ph,RP)- 
aus einem Molekiil (Ph,P),NiX, 


titativ, so 


Ni(PPh;)X 
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bilden. Die Wahrheit zu sagen, bleibt die 
Bildung von demselben wahrscheinlich zwi- 
schen 2/3 und 1/3 Molekiil, wegen der 
Nebenreaktion wie Bildung von Nickelcarbo- 
nyl. Auf solche Weise begreift es sich, dass 
die katalytische Fahigkeit der urspriinglichen 
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2) Mechanismus an(Ph,RP)-Ni(PPh,)X,X’. 
—Die wichtige Frage ist also der Mechanis- 
mus an der Komplexverbindung (Ph;RP)- 
Ni(PPh;)X;. 

Meine von bisher beschriebenen Tatsachen 
geschlossene Meinung iiber die betreffende 


Komplexverbindung zwischen dem 4quiva- Aufgabe wird schematisch augenscheinlich 
lenten (Ph,RP)-Ni(PPh;)X; und NiX. steht. so dargestellt ; 
X X X X X X 
Pa / \Z 
Ph;RP Ni — PPh, —— Ph,RP~ Ni — PPh; ——> Ph;RP — Ni — PPh; 
NT. i - he, | 
xX CO X CO X 
“4 1. 
C.H,; CH=CH 
Ad 
CO 
(Ph;RP)-Ni(PPh;)X;+CO z= (Ph;RP)X+ Ni(PPh;)(CO)X. 


Das heisst, dieser Mechanismus ist so zu 
erklaren, dass zuerst mit Kohlenoxyd das 
aktive, instabile 4-koordinative Ni(PPhs;)- 
(CO)X, unter der augenblicklichen Bildung 
von Phosphoniumhalogenid entsteht, das 
unter der Abgabe von aktiviertem Koh- 
lenoxyd mit solchem Phosphoniumhalogenid 


die urspriingliche Komplexverbindung wie- 
dererzeugt. Der Grad, unter welchem die 
Bindung zwischen dem Nickel und Haloge- 


natom unter dem Angriffe von Kohlenoxyd 
abgebrochen wird, ist desto gr6sser, je nich- 
tionischer die betreffende Bindung ist, d.h., 
je schwerer das Atomgewicht des betref- 
fenden Halogens ist, desto grésser wird die 
katalytische Wirkung der Mutterverbindung, 
wie bei dem anorganischen Nickelhalogenid”?. 

Nach unter der 
Selektivitat von schwerem Halogenatom zur 
Umsetzung mit Kohlenoxyd so zu erkliren, 
dass die katalytische Wirkung der Komplex- 
verbindung (Ph;RP)-Ni(PPh,) X.X°  (wobei 
X-=X’) beinahe mit der, der mit all dem- 
selben, schweren Halogenatom identisch ist.” 

Auch die Erscheinung, 
Zersetzung von solcher Mischhalogen-Kom- 
plexverbindung in Methanol nur Phospho- 
niumhalogenid mit schwerem Halogenatom 
stets nachgewiesen wird, tragt sicher gross 


dieser Theorie ist das 


welche bei der 


Mit anderen Worten diirfte 
die Bindungsenergie zwischen dem Phos- 
phoniumrest und Halogenatom sehr _ be- 
deutend sein. Auch der in Mitteilung IV” 
beschriebene Schluss iiber die Art und 
Nummer vom Halogenatom wird durch diese 
Theorie aufgeklart werden. Das heisst, man 


Umsetzung bei. 


kann die Zunahme von der katalytischen 
Fihigkeit mit der zunehmenden Nummer 
Halogenatom in der Komplexverbindung 


unter der Vergrésserung der Probabilitat des 
Zusammenstosses vom Halogenatom - mit 
Kohlenoxyd verstehen. 

Solche Komplexverbindung, wie 
ein Halogenatom besitzt, das mit Nickel 
unmittelbar gebunden ist, z.B., (Ph.,P).- 
Ni(OOCCH.Cl)s2RX oder (Ph;RP)-Ni(PPh;)- 
(OOCCH,Cl).X, soll die katalytische Fahig- 
keit haben”, da diese Theorie wesentlich 
auf Grund der reversibelen Umsetzung von 
Kohlenoxyd mit einem Halogenatom ist. 


3) Mechanismus an (Ph,RP),: NiX,X’,.— 
Es ist nun zweifellos, auch im Falle, dass R 
Alkyl ist, dass die Komplexverbindung 
(Ph;RP).: NiX.X’, existiert, wenn gleich sie 
unisolierbar ist. Dariiber hinaus driickt sich 
der Mechanismus der Aktivierung des Koh- 
lenoxyds an_ dieser Komplexverbindung 
gemiass dem von (Ph,;RP)-Ni(PPh;)X.X’ sche- 


sie nur 


zur Selektivitat von Halogen-Kohlenoxyd- matisch aus; 
X xX’ x xX xX 
4 \Z \Z CH=CH 
Ph;RP —;} Ni —PRPh; ——> Ph;RP~ Ni — PRPh;—Ph;RP — Ni — PRPh;+ ~~ 
7S LATIN J/\ ” 
XxX’ X xX’ COX xX’ xX 
t t 
CO C.Hz 
(Ph;RP)s: NiX,X’.+CO <= (Ph;RP)X’+(Ph3RP)-Ni(CO)X.X’. 
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Die Erlauterung sowohl vom Schema, als 
von der Bedeutung von Halogenatom (ins- 
besondere von dem mit schwerem Atomge- 
wicht) ist ebenfalls zu erklaren wie in dem 
vorigen Paragraphen beschrieben. Die Tat- 
sache, dass die katalytische Fahigkeit der 
Komplexverbindung dieses Typus gr6sser als 
die der entsprechenden Verbindung (Ph;RP)- 
Ni(PPh;)X,X’ ist, wird man unter der Ver- 
grosserung der Probabilitat des Zusammen- 
stosses sowohl von Halogenatom mit dem 
Phosphoniumrest, der als Halogenakzeptor 
wirkt, wie von Halogenatom mit Kohlenoxyd 
mit der zunehmenden Nummer von Halo- 
genatom und Phosphoniumrest' verstehen 
ko6nnen. Nach meiner Theorie spielt iiber- 
schiissiges Alkylhalogenid eine  wichtige 
Rolle zur Erhaltung der Komplexverbindung 
dieses Typus, (Ph;RP).: NiX.X’s. 

Die in vorigem Paragraphen beschriebene 
Tatsache, dass das [Ph,(C,H,)P] Br sich 
durch die Umsetzung von [Ph,(C,Hy)P].: NiBr, 
mit dem unter Druck stehenden Kohlenoxyd 
in Abwesenheit von Acetylen als Akzeptor 
vom aktiven Kohlenoxyd bildete, bestatigt 
die Giiltigkeit der oben erwahnten Theorie. 

Um es kurz zu sagen, kann die zur Bildung 
von Cyclopropenon benotigte Aktivierungs- 
energie durch die Bildung der intermedidren 
Kohlenoxyd-Komplexverbindung _ erniedrigt 
werden. 


4) Mechanismus an NiX..—Vormals habe 


ich» mit meinem Mitarbeiter iiber die 
Acrylestersynthese in Anwesenheit vom 
Nickelhalogenidkatalysator und iiber das 


Verhalten des Kohlenoxyds mitgeteilt. 

Ich mG6chte auf Grund der Erkenntnisse 
zum Mechanismus der Aktivierung des Koh- 
lenoxyds am Komplexkatalysator wiederum 
iiber den betreffenden Mechanismus an NiX, 
Betrachtungen anstellen. 

Wie schon mitgeteilt, hatte man von den 
verschiedenen experimentellen Tatsachen 
erwarten k6nnen, dass die Erniedrigung der 
zur Bildung des Cyclopropenons  erforder- 
lichen Aktivierungsenergie, durch die Bild- 
ung irgendeines intermediiren Zwischen- 
produktes, das sich durch die Umsetzung 
von Kohlenoxyd und Nickelhalogenid, bevor 
das Nickelcarbonyl zusammengesetzt wird, 
bildet, erreicht wird. 

Folgert man diese Annahme aus dem oben 
erwadhnten Mechanismus am Komplexkataly- 
sator, so diirfte man die Analogie zwischen 
den beiden Mechanismen finden. Bei der 
einfachen halogenhaltigen Nickelverbindung 
existiert nicht eine solche giinstige Verbin- 
dung wie NiYX, wobei Y den Rest wie 


6) K. Yamamoto und K. Sato, Dieses Bulletin, 27, 496 (1954). 
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CICH.COO- ausdriickt. Es ist also zwar 
schwierig, diese Annahme_ experimentell 
darzutun, aber der Mechanismus an NixX. 


kénnte nach Analogie von demselben am 
Komplexkatalysator dargestellt werden, wie 
folgt : 
NiX,+ CO —— Nix(CO)+X 

Dies ist so zu erklaren, dass das Nickel- 
halogenid mit einem Molekiil Kohlenoxyd 
zundichst das _ unisolierbare, sicher sehr 
instabile NiX(CO) liefert, das unter Abgabe 


von aktiviertem Kohlenoxyd mit Halogen- 
atom das Nickelhalogenid wieder erzeugt. 


Die meisten Halogenatome k6nnten sich auf 
solche Weise reversibel verlaufen, aber sie 
migrieren zum Teil zu unwirksamen Ver- 
bindungen. Und dies geht zum Schlusse die 
wirkliche Konzentration des Nickelhalogenids 
nieder. Die Hilfskatalysatorwirkung des 


metallischen Nickels k6nnte sich daraus 
erklaren, dass das Nickel hauptsdchlich die 
Rolle als Akzeptor dieser migrierenden 


Halogenatome unter dem Beitrag zur Erhal- 
tung der _ wirklichen Konzentration des 
Nickelhalogenids spielt. 

Auf solche Weise ist der Mechanismus an 
der Komplexverbindung mit dem an dem 
anorganischen Nickelhalogenid-Katalysator 
im wesentlichen nicht zu _ unterscheiden. 
Worauf beruht die Vorziiglichkeit des Kom- 
plexkatalysators, wenn das der Fall ist? 
Meine Antwort fiir die obige Aufgabe ist 
wie folgt: 

1) Der Zusammenbruch vom Katalysator 
auf Grund der Migrierung des Halogens ist 
sehr wenig, da er in eigenem Moiekil den 
michtigen Akzeptor “ Phosphoniumrest”’ fiir 
solches Halogenatom enthalten ist. 


2) Die Bindung zwischen Nickel- und 
Halogenatom nimmt im _ nichtionischen 
Charakter durch die Koordination von 


Triphenylphosphin oder Phosphoniumrest an 
Nickelatom zu. 

Ausserdem soll angegeben werden, d.h., 
die ausserordentliche Kristallisierbarkeit oder 
grosse Loslichkeit gegen ein organisches 
Lésungsmittel auf Grund des zunehmenden 
organischen Charakters der Nickelverbin- 
dung. 


Zusammenfassung 


Auf Grund der bisher erwahnten Tatsachen 
habe ich tiber den Mechanismus der Aktivie- 
rung des Kohlenoxyds an Triphenylphosphin- 
Nickelkomplexverbindungen die folgenden 
Schliisse erhalten. 

1) Die katalytische Wirkung von (Ph;P)e- 
NiX, Typus Komplexverbindung ist auf die 
von (Ph,RP)-Ni(PPh,) X; - (Ph;P)2NiX,.RX 
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zuruckzufihren. 

2) Der Mechanismus an (Ph.RP)-Ni(PPh;)- 
XX’ Komplexverbindung ist wie folgt zu 
formulieren : 

(Ph,RP)-Ni(PPh;)X,X’+CO= 

+ Ni(PPh,)(CO)X, 

Das heisst, dieser Mechanismus ist so zu 
erkliren, dass zuerst mit Kohlenoxyd das ak- 
tive, instabile 4-koordinative Ni(PPh,)(CO)X, 
unter der augenblicklichen Bildung von 
Phosphoniumhalogenid entsteht, das unter 
der Abgabe von aktivem Kohlenoxyd mit 
solchem Phosphoniumhalogenid die urspriing- 
liche Komplexverbindung wiedergibt. 
Ph;RP)o: NiX.X’s 





> (Ph; RP)X’ 





3) Der Mechanismus an 

(Ph;P)sNiX,2RX’ 
zu formulieren ; 

(Ph; RP). : NiX.X’. + CO —— (Ph,RP)X’ 

(Ph. RP)-Ni(CO)X.X’ 

4) Der 
ist nach 
verbindungen 
illustrieren 


NiX, 


ist ebenso auch wie folgt 


Nickelhalogenid 
Komplex- 
folgt, zu 


Mechanismus an 
Analogie von dem an 
zweckmiassiger wie 


CO —— NiX(CO)+X 
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5) Die Vorziiglichkeit der Komplexkataly- 
satoren wird wie folgt dargestellt : 

a) Die Komplexverbindungen sind in 
eigenem Molekiil den méachtigen 
Akzeptors ‘“ Phosphoniumrest” fiir 
Halogenatom enthalten. 

b) Die Zunahme vom _nichtionischen 
Charakter der Bindung Ni-Halogen 
auf Grund der Koordination von 
dem Triphenylphosphin oder Phos- 
phoniumrest an Nickelatom. 

Herr Dr. K. Yoshikawa hat mich stets bei 
meinen Arbeiten leitend unterstiitzt und 
ermutigt. Die Herren M. Oku und K. Sato 
haben mit mir eifrig mitgearbeitet und 
Beistand durch lebhafte Diskussion’ iber 
diesen Gegenstand geleistet. Ich sage diesen 
Herren und der Mitsui Chemical Industry 
Co., die mir diese Ver6ffentlichung meiner 
Arbeiten erlaubte, hierdurch meinen herz- 
lichen Dank. 


Mitsui Chemical Industry Co. Ltd. 
Miike Dyestuff and Chemical 
Works, Omuta, Fukuoka 
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pounds. II. On the 


tomposition of Polonium Dithizonate 


By Tomitaro ISHIMORI 


(Received November 11, 


Previously the author!’ has reported on 
the formation of polonium dithizonate which 
is extracted into a carbon tetrachloride solu- 
tion of dithizone (diphenylthiocarbazone) from 
an aqueous solution under some appropriate 
chemical circumstances. Further there is a 
literature?’ which shows that the complex salt 
can be used in the purification of polonium ; 
however, the present author could not find 
out any report on the composition of polo- 
nium dithizonate. 

In the composition of 
(formed in a solution 
acid) is determined 


present paper, the 
polonium dithizonate 
acidified with nitric 
according to the method described in the 
first paper?’ of this series and the author 


estimates that two anions of dithizone are 


1) T. Ishimori and H. Sakaguchi, J. Chem. Soc. Japan, 


71. 327 (1950). 
2) G,. Bovissieres and C,. Ferrandini, Anal. Chim. Acta, 
4 610 (1950). 


3) T. Ishimori, This Bulletin, 27, 139 (1954). 
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bound to one atom of polonium in polonium 


dithizonate. 


(A) Preparation of the Polonium Solution. 
The polonium solution used is a solution of 
which is prepared as follows: 

Loe. pitchblende are dissolved in 
nitric acid. The undissolved residue is filtered 
off after the solution is diluted with water. The 
filtrate is treated with hydrogen sulfide to preci- 
pitate polonium (radium F) with lead and some 
other elements of the hydrogen sulfide group 
which may occur in the starting material. The 
precipitate is dissolved in nitric acid, and the 
residue containing sulfur is filtered off. The fil- 
trate is diluted until the content of nitric acid 
becomes about 2.5% (vol.), and then extracted 


radium F 
powdered 


successively with some portions of the chloroform 


solution of dithizone. The combined chloroform 
solution is shaken with 10cc. of (1:1) nitric acid 
to obtain an aqueous solution of polonium. The 


aqueous solution is separated, diluted to about 20 
cc. with water, and preserved as the stock solu- 
tion. 
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The 
nitric acid and about 10~° curie radium F 
107! g. 
alpha emission of the evaporated residue of the 


resultant solution contains about 25% (vol.) 
(about 
Py») per l1cc. The radioactivity due to the 


solution is measured by an electroscope (gold leaf 


type) made by the Scientific Research Institute, 
Tokyo. The decay of the radioactivity shows that 
the half-life is about 140 days (Fig. 1). On the 


other hand, the extremely weak beta-rays are 


detected by a Geiger-Miiller counter. Therefore, 


this solution seems to contain slight contamina- 


and other isotopes. 


tions of radium E 








a 


+! ov 


Fig. 1. Decay of RaF 


Determination of the Composition of 
first paper® of 
the 


organo- 


(B) 
Polonium Dithizonate.—In the 
this the author gave a 


determination of the 


method for 
of 


metallic compound in an ultra-micro amount, bas- 


series, 

composition an 

ing his conclusions on the following relation: 
E-'=A+B(HR)™ 

where, EF is extractability, the ratio of the radio- 


activity due to the total amount of the radioactive 


Radiochemical Studies on 


Ultra-Micro Quantities 
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A 


method, 


and B are constants. 
the 
determined 


the metallic cation, and 
the 
polonium dithizonate is 
the of extractability 
amounts of dithizone, (HDz), 
in E-'—(HDz)-'2.3 
(HDz)-" which is almost linear to 


According to composition of 
by repeating 
measurement for various 
plotting the results 

and finding out 


E-', 


experiments, all experimental conditions such as 


diagrams, 
In these 
pH and volume of the aqueous phase or volume 
of the kept 


Otherwise the above equation can not be used as 


organic phase, must be constant. 


the theoretical basis. 


(1) Series of Experiments I.—10cc. of distil- 
led water and 1.0cc. of the stock solution of 
polonium are respectively added to six small 


separating funnels. Though the solutions are not 


buffered, the pH values are supposed to be fairly 


constant as they contain about 2.2% (vol.) of 
nitric acid. Therefore, the necessary condition 
for a constant pH value* is almost satisfied im 


this case. 

5.0 ce. of the dithizone chloroform solutions with 
various concentrations are prepared by diluting 
the stock solution of dithizone in chloroform (about 
0.4x10-* mol./l.)) and added to each separating 
funnel which contains the diluted aqueous solution 
of polonium. The funnels are shaken vigorously 
for a minute. 

The separated chloroform layers are evaporated 
up in glass dishes to measure the radioactivities 
due to the fractions of radium F which are ex- 
tracted into the chloroform solution. 

The 


that of the standard specimen which is prepared 


measured intensities®) are compared with 


by evaporating lcc. of the stock solution of polo- 


nium in a glass dish, and the extractability, E, is 


metallic cation taken into the system and that calculated. 
extracted into the organic phase, x, the ratio be- The results obtained are shown in Table I and 
tween the number of organic anions and that of Fig. 2(a,b,c). 
TABLE I 
RESULTS OF (EB, 1) 
No (HDz) (HDz)"'! (HDz)? (HDz) d/m Po extd E-! 
] 0.96 1.04 1.09 1.13 11.75 1.31 
2 0. 42 2. 38 5. 66 13.5 10.33 1.49 
0. 080 12.5 156 1.95 x 10° 3. 43 1. 48 
1 0. 032 Ji. 2 974 3.0410! 0. 87 7.t 
2 0.024 11.7 1740 6.97 x 104 0.55 28.0 
6 0. 000 oo 0 a6 0.03 
E: Extractability; The ratio of radioactivities due to radium F taken (15.39 dm) and 


radium F extracted. 


(HDz): 


about 10-° gram mol. dithizone. 


Amount of dithizone denoted in 


4) The concentration of the chloroform solution of dithi- 
zone is dete rmined by titrating known quantities ot silver 
nitrate. 

5) The radioactivity is measured by the electroscope men- 


tioned above. The absorpticn of alpha-particles is checked by 


an arbitrary unit in which (HDz) 


1 corresponds to 


adding the stock solution of dirhizone on the specimen of 
polonium and drying it up. The following table shows that 
the effect of the absorption is negligible 
ml. dithizone solution (added 0 1 2 
radioactivity measured (dm 15.8 19.2 14.4 
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Therefore, the acidity of the aqueous solution is 
p weaker than that of (1). 
The results are shown in Table II as well as 
Fig. 3(a,b,c). 





10 (HD,y* 


1600 





Fig. 2(a,b,c). (HDz)-"—E™ diagram 
a: (HDz)"—E- 
b: (HDz)?—E™ 
c: (HDz)*—E- 


‘2) Series of Experiments II.—Almost the 
same experiments are repeated, but the procedures 
are slightly different from that of (1) in the fol- 
Jowing point: The aqueous solution of polonium 
is prepared by pipetting 4 cc. of the stock solution Fig. %a.b.c). (HDz)-*—E- diagram 
of polonium into a 50cc. volumetric flask, and then a: (HDz)—E- 
adding water to the mark. After mixing thor- b: (HDz)2—E-- 
oughly, 10 cc. of the diluted solution of polonium ce: (HD2)-*—E- 
are taken to each separating funnel respectively. 





TABLE II 
RESULTS OF (B, 2) 


No. (HDz) (HDzy (HDz)~ (HDz)-* d,m Po extd. EE“ 
] 7.50 0. 133 0.0176 0. 0024 6.01 2. 33 
2 1. 38 0. 228 0.0519 0.0118 4, 20 3. 34 
3 3.75 0. 267 0.0713 0.0181 3. 44 3.79 
1 2.70 0. 371 0. 137 0. 0509 2. 39 5. 45 


E: Extractability; The ratio of radioactivities due to radium F taken (13.00 d/m) and 
radium F extracted. 
(HDz): Amount of dithizone denoted in an arbitrary unit in which (HDz)=1 corresponds to 


about 10-° gram mol. dithizone. 


In these two series of experiments, the is dissolved in aqueous solutions. However 
acidity of the aqueous solution is different. G. v. Hevesy et al.” reported bivalent cation 
So the values of extractability given by Po** in hydrochloric acid solution. On the 
both series do not coincide for a value of other hand M. Haissinsky® reported that 
(HDz). However, the results of both series PoO,;-- or PoO** is prevailing in dilute nitric 
agree in the facts that almost linear rela- acid solution. So we can guess that polonium 
tion is found between (HDz)-? and E~ (cf. dithizonate will correspond to the chemical 
Fig. 2b and 3b), while the curve of (HDz)"' formula PoDz, or PoODz,. 

-E-' is convex (cf. Fig. 2a and 3a) and that 
of (HDz)-*—E-' is concave. Therefore ac- 
cording to the method described in the first 
paper of this study,* polonium dithizonate 
is supposed to have two anions of dithizone 
for one atom of polonium. 

So far there is no generally accepted r 
knowledge about the form in which polonium Department of Chemistry, 

Faculty of Science, 
Kyushu University, 
Fukuoka 


The author wishes to express has hearty 
thanks to Prof. Iwaji Iwasaki, Tokyo In- 
stitute of Technology, who was kind enough 
to send him some pitchblende for the pre- 
paration of radium F. 


6) Gmelins Handbuch d. Anorganischen Chemie, 8 Auflage, 
System Nr. 12 (1941), Verlag Chemie, Berlin, S. 103-104. 
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Polarographic Diffusion Current Observed with Square Wave Voltage. I. 
Effect Produced by the Sudden Change of Electrode Potential 


By Tomihito KAMBARA 


(Received February 26, 1954) 


In recent years’ several polarographic 
electrolyses with rectangular voltage have 
been reported, providing us many attractive 
findings. Therefore the present author 
intends to clear up at first the effects due 
to the sudden change of electrode potential 
and then the essential feature of electrolysis 
with square wave voltage theoretically and 
further elucidate some experimental results. 


Note on the Boundary Condition 


In order to discuss the diffusion current ob- 
served in the polarographic electrolysis, we must 
solve the system of differential equations for the 
diffusions of two materials, i.e. the oxydant (suf- 
fix O) and the reductant (suffix R), given by 

aCn 32Cp eCR | “Cr 


=e in 


Ot Ox* ot Ox? (1) 


Since before the electrolysis, the initial uniform 
concentr*tions *Cy and *Cr govern the system, 
the initial condition is shown by , 
t=0, Of a0, Co=*Co, Cr=*Cr. (2) 
The boundary condition, on the other hand, de- 
pends on the experimental condition. In the case 
that the electrolysis is carried out under the ap- 
plication of a constant voltage, it is imagined 
that each of the concentrations of oxidant and 
reductant at the electrode surface takes a con- 
stant value immediately after the beginning of 
electrolysis. Such a conception has been given by 
Cottrel) and Ilkovic.2» We have treated this 
problem while taking the rates of forward and 
reverse reactions of the electrode process into 
consideration® ; the analogous treatments are also 
given by Meiman,*? Smutek®» and Delahay.© In 
this article, however, let us suppose that the ratio 
of the concentrations of both forms at the elec- 
trode surface is given by the Nernst formula, i.e. 
the velocities of the electrode processes in two 
directions are so great that an equilibrium state 
is always attained thereat. Therefore it is seen 
that 
«=0, t>0, Cr=K,-Cp, (3) 
where the equilibrium constant K, depends on the 
electrode potential FE, and is given by 


1) F. G. Cottrel, Z. phys. Chem., 42, 335 (1993). 

2) TD. Ilkovic, Collection Czech. Chem. Communs., 6, 498 
(1934); J. chim. physique, 35, 129 (1938). 

3) T. Kambara and I. Tachi, This Bulletin, 25, 135 (1952); 
T. Kambara, ibid., 281. 

4) N. Meiman, J. Phys. Chem. USSR, 22, 1454 (1943). 

5) M. Smutek, Chem. Listy, 45, 241 (1951); Collection 
Czech. Chem. Communs., 18, 171 (1953). 

6) P. Delahay, J. Am. Chem. Soc., 75, 1420 (1953). 


ea nF(E, Eo) P 
Kk; exp RT - (4) 


In this equation the symbols n, F, R, T and E; 
are used in their usual significances. On the other 
hand, as for the flows of the diffusing oxidant 
and reductant, it is obvious that the material flow 
must be continuous everywhere, provided that 
there is no accumulation or disappearance at the 
electrode surface. Accordingly it is found that 
#=0, t>0, De =-Dre* (5) 


This condition can be rigorously obtained, as 
shown by Sevcik,® when the amount of oxydant 
disappearing in unit time is considered to be equal 
to the amount of reductant produced newly by 
the electrode reaction in unit time. 
As is well known, the general integrals of Eqs. 
(1) are given by 
Co=ao+bo- erf 


x 
2VDot ’ 
= « = 
2VDet 
From the above cited conditions, it is seen that 
among four integral constants, ao, by, ar and br, 
the following relationships hold. 


ao+bo=*Co; 


Cr=artber: erf (6) 


ar+bre=*Cr; 


aR -K ao; DT by = br; * 
where 
oz \ Do Dr 
Whence 
o*Cot+*Cr ° ' 
ay = oe K, =1Co; ar=K,-ao={Cr; “ 
bo =*Co Co; br=*Cr Cr; 


where {Cy and (Cr are the respective interfacial 
concentrations corresponding to the constant pot- 
ential E;. Therefore, it follows that 


Ce =°Co +(*Co —$Co) -erf 2VDot 
(10) 
(*Cr 


Cr={Cr °Cr) + erf 


2VDrt 

Accordingly it is seen that in the integration of 
linear diffusion equation, upon supposing that the 
continuity of fluxes and an equilibrium state be- 
tween the concentrations of two forms hold at 
the electrode surface, we have the result that 


7) A. Sevcik, Collection Czech. Chem. Communs., 13, 349 
(1948). 
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both interfacial concentrations hay constant 
values. 

This conclusion is identical with that given by 


Ilkovic,2> by whose theory it is supposed that the 
boundary condition is given by 


x=0, t>0, Co=1Co, Cr=1Cr. (11) 


It must be mentioned here, however. that there 


is no rational reason for the constancies of °C; 


and °Cr, as pointed out by MacGillavry.* It is 


that even if (Cy and ;Cr are 


seen, for example, ; 


both certain functions of time ft, it is possible 


that the ratio (Cy,7Cr might be independent of 


from the 


surface, 


time. And it is obvious that merely 


condition of an equilibrium state at thie 


the conclusion that the concentrations |C, and [Cr 
are constant, respectively, can not result, while 
their ratio is readily seen to be constant. Never- 


theless it is clear that by employing Fq. (5) the 
identity of the conclusions derived from the above 
two theories is confirmed. Further it must be 
remembered that although the same conclusion is 
attained by employing the two different boundary 
conditions, such an accordance can not be derived 
does not stretch to infinity in 


electrode shows not a flat 


when the solution 

one dimension, or the 

surface but a spherical one. 
Discontinuous Change of 
the Electrode Potential 


Now, iet us consider the 
potential of the observation electrode is dis 
continuously and abruptly changed as shown 
in Fig. 1; ie. from ¢=0 the electrolysis 
begins under the application of potential EF, 
and at ¢=T the potential jumps from E, to 
FE, discontinuously. 


case when the 


—— 


| 
| 
| 





Means of Laplace Trans- 
be the time elapsed after the 


(1) Solution by 
formation.—Let + 


potential was abruptly changed from E, to Eo; 
then it is clear that 
t=t—T. (12) 

Hence our problem comes to integrate the equa- 
tions: 

Cw Cy aCR 2C"p 

an ——~ s . =Dr : (13) 

t o t a 


8) D. MacGillavry, Rec. trav. chim. Pays-Bas, 57, 33 
(1438). 
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with the initial condition shown by 


(14) 


Cr-ar+br-erf -Cr (x). 


2. DrT 
condition is 
The boundary 
hand, demonstrated by 


This 


sions. 


required by the above discus- 


condition is, on the other 


oe Cr > Bs 

2=0, t>0, Dy" =—Dr ~* . Cr=Kz-Co, (15) 
where 

, WF (Es - Ey) . 

K2=exp RT : (16) 


This condition results from the principle of con- 
tinuity of fluxes and the assumption of a state of 
equilibrium between the concentrations of the two 
forms at the interface. 

By means of the Laplace transformation defined 
by 


YC(xr,T) -p| i er . C - dr=u(x, p), 
0 


we can finally obtain the formulae for aw) and ar; 


i.e. they can be written in the form 
u=-A-e"F+B.-e~ 
b- erf sie 2a + sinh i 
l w - = ’ 
p cemetut ler fl apr tT )—ertY pr | (17) 
b -e not ‘erf . pT erf\ pT 
\ 2V DT , 


where the subscripts O and R are omitted and 


the m’s are shown by 


Vp/Dr. (18) 


Next the four integral constants Ay, Bu, Ar and 
Br, can be determined by Eqs. (15) and (16). 
Then it can be readily seen that the transforma- 


m= p/Doi mr 


tions of the interfacial concentrations are given 
by 
a*Cy Cr 
y= Ay+ By= “WoC; 


K>» Tro 
Br=—K2x Ay 


(19) 


uUrn=—Ar+ By) = oC r. 


There is no doubt that these equations imply that 
the interfacial concentrations are independent of 
time t and that they are equal to the equilibrium 
interfacial concentrations which are to be ob- 
served when the constant potential E, is applied 
throughout from t=0 continuously [Cf. Eq. (9)]. 

Next we will evaluate the current intensity. 
From Eq. (17) it follows that 


/ 


ity us. 2 f -_ 
( é ) r } Dy (Ay By) 


a 


; Vp 
(K2+7) Dy 
br)-e?” -erfe V pT}. (20) 


{( Koao ar)4 (Koby 


4) Cf. Table of transformations given in R. V. Churchill : 
(1944). 
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Further it is found that 


Koty—-aR _op +, Koby -be “eo ’ 
K> c at 0 of es Ke Lo - by al ( 0 7 io 
(21) 
Now, for the execution of inverse transforma- 
tion, the following theorems are useful. 
g-1 } - l 
~ ‘ p \ “nr 
LV p-e"? -erfce\’ pT = F 22) 
\ 2(T +t) 
Hlence it is manifest tha‘ 
( ©) *Cy iCo Cn aC (23 
‘ 93) 
xe Je—0 \ zDaT +r) Y aDor 


(2) Solution by Means of the Principle of 
Superposition.—It is from the above 
deduction that when the voltage as shown in Fig. 
lis applied, it can be assumed that the interfacial 
concentrations in a state of equilibrium take con- 
stant values according to the electrode potential, 
provided that the rate of the electrode process is 
rapid enough. Accordingly our problem is now 
to solve the Eq. (1) with the initial condition given 
by Eq. (2) and with the boundary condition given 
by 


obvious 


z >t>0, Cu=%Coa3 
x=0, (24) 
t>T. Cu=3Co. 


Further it is clear that the applied voltage shown 
in Fig. 1 is equivalent to the superposition of the 
two constant voltages, as given by 


E=E,+Ey, (t>0); 

E1=E, (0); 95) 
i as E.,—E, wT); ats 
— 0 (T>t>0). 


Fig. 2(a) and (b). 
that as for the 


relation is illustrated in 
It may be supposed analogously 


This 


——> 
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interfacial concentration the superposition of two 
concentrations as shown in Fig. 3(a) and (b) is 
also effective. Then we can divide the function 
Ci(x, t) into two parts: namely 


l 





x 
¢,-v, 
| 
Fig. 3. 

Co=CAD+C 1D, (26) 
and we have to integrate the following two equa 
tions. 

CoD C(I) CID 2C IT) 
-Dy = Ps Dy > e (27) 
t x t 7 
The conditions for C,(I) are shown by 
t=0, 0<a<0, Co1)=*Co; 
t>0, «=0, Co(1) =°Co, _—— 


and as for the function C,(II), the 


ditions are valid. 


following con- 


t<=T, 0Sa2=0, C,jII)=0; 


’ ‘ ‘ yA! 
t>T, x=0, Ca(IL) =3Co—2Co. = 
The solutions thereof are clearly given by 
C1) =*Co—(*Co iCo) -erfe 9\ ‘Dot ; 
0: (T=t) (30) 
CID = ; ; , “ , 
, 3Co—FCo) - erfc « 2>F) 
(,00— Lo 5 \ Dit T) 


no doubt that by the sum of these 
desired 


Thus the concentration gradi- 


and there is 
two functions the solution is shown as 
given by Eq. (26). 
ent at the electrode surface 


Ce C->. s-Me 

( a ), 0 \ na Dot \ 1 Dit v) 
where the second term in the right hand side of 
the equation should disappear for t<T. Eq. (31) 
is clearly identical with the conclusion of the pre- 
Eq. (23), since the 


is shown by 


(31) 


ceding discussion shown by 
relationship r=t—T holds. 


Indeed the solution given by Eqs. (26) and (30) 
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is obtained only with the assumption that the 
interfacial concentration has a constant value ac- 
cording to the electrode potential. However, the 
fact that the solution satisfies the two conditions, 
i.e. the concentrations of both forms are in an 
equilibrium state at the electrode surface and also 
that the fluxes of both forms are continuous at 
the surface, can be easily verified. Further no 
discussion may be needed about the facts that for 
the reductant also a similar relation holds. 


Discussion of the Result 


In Fig. 4 is shown an example of the 


variation of concentration distribution near 
the electrode surface with time. The 
"C Le eee 
— 
14 ] 
s 


} 
| 
> Lim 10°cm } 
j , ! — acne — 
10 » 30 40 
Fig. 4. Theoretical curves representing 
the variation of concentration distribu- 
tion of depolarizer with time, drawn with 


the values: {C Sts SC = 4 *C: 
10 10 


D = 10-*cm?. sec}. Figures show the 
times elapsed after the electrolysis in 
the unit of 1/100 sec., and the potential is 
converted from E, to FE, at T =16/100 sec. 


legitimacy of the above discussion can be 
rationally comprehensible from the conside- 
ration of special cases. Namely, when the 
discontinuous jump of the electrode potential 
at t=T is zero, it follows that 


F DCp \ 


Ox / £0 7 V 


*Co -Co 
Dot ° 


29 


E, E.; Co=Lo; ( ve) 


[Vol. 27, No. 8 


This conclusion is, of course, quite in 
harmony with the Cottrel-Ilkovic theory for 
the current at a stationary plane electrode. 
Further, when the condition given by ¢ >T 
is satisfied, viz. when a considerable long 
time has elapsed after the change of voltage 
from E£, to E, the hysterisis of the diffusion 
layer produced by the electrolysis with the 
application of voltage £, during the time 
interval from ¢=0 to¢=T should be ignored, 
compared with the long history of electrolysis 
performed after that. This can be well 
demonstrated by the following equation. 


(Oo _ *Co-3Co _ *Cn—-3Cu 
\ Ox /au0 V wDl(t-T) V wDot 


According to the above theoretical treat- 
ment, however, it is required that the cur- 
rent intensities at ¢=0 and ¢=T become in- 
finite. This is clearly irrational; but in 
order to surmount this difficulty, it is neces- 
sary to take the rates Of the electrode 
processes into consideration. As reported in 
the above quoted papers*® ; the mathematical 
treatment thereof, however, seems to be 
much more complicated. 


(33) 


Summary 


Change of the structure of diffusion layer 
with time and the course of diffusion current 
at a stationary and reversible electrode due 
to the sudden change of the applied voltage 
are discussed mathematically. 


_ oe 

The author wishes to express his sincere 
thanks to Professor I. Tachi for his kind 
encouragement. 


Department of Agricultural Chemistry, 
Faculty of Agriculture, Kyoto 
University, Kyoto 
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Polarographic Diffusion Current Observed with Square Wave Voltage. Il. 
Basic Theory for a Reversible Electrode 


By Tomihito KAMBARA 


(Received February 26, 1954) 


In the preceding paper" the diffusion cur- 
rent, observed when the voltage applied to 
a reversible electrode is suddenly changed, 
is discussed theoretically. The theory is so 
easily to be extended that the electrolysis 
with a square wave voltage as shown in Fig. 
l(a) can be elucidated as follows. 

Our problem is now to solve the differential 
equation: 


0C/ot=D -3C/ax? (1) 


(a) 
| 


os 


| 
T 





ge 


C; 
| 


a ee ae ee 
— >t 
Fig. 1. Changes of electrode potential and 
interfacial concentration of depolarizer. 


with the proper conditions which hold when 
the square wave voltage E(t) of the period 
2T shown by 

E(p)—-f=: (O<#<T) 

WM! Es (TK t<2T) 2) 

E(t)=E(t+2T) 
is applied. Since the concentration of de- 
polarizer shows everywhere the constant 
value *C before the electrolysis, the initial 
condition is given by 

=0, 0O<s< 0, C=C. (3 


Next as for the interfacial concentration, it 
is shown in the previous paper that the con- 
ception that the concentrations of the oxidized 
and reduced forms are at a state of equilib- 
rium at the electrode surface leads to a 
simplified supposition that each interfacial 


1) T. Kambara, This Bulletin, 27, 523 (1954). 


concentration shows a constant value accord- 

ing to the applied potential. Thus it is seen 

that the boundary condition is given by 

4=0, £59, 

c-=s IC(E=E,; 2nT <t<(2n +1)T) i 
| 3C(E=E,; (2n+1)T <t<(2n+2)T) § 


This relationship is 


4 


where 7 is an integer. 
illustrated in Fig. 1(b). 
(1) Solution by Means of the Principle 
of Superposition.—Let the function C(x, 2¢) 
be an algebraic sum of the functions C(I), 
C(II),-++++ , etc.; namely 
C=C(D+C(ID + CUI) + C(IV) +--:-- , (5 
and it is supposed that each function is gov- 
erned by Fick’s law of diffusion. As shown 
in Part I of this study, the following rela- 
tions hold for the function C(I). 


f=6, Osece«, €=— > 
t>0, x=0, C(D=iC ; 
‘ (6 
C(I) =3C + (*C-1C)-erf ayy, 


Further, as for the function C(II), the follow 
ing relations hold. 

1—T<0, 0<x< ~; C(II)=0; 

t-—T>0, x=0, C(II)=2C —-1C; 


. ‘ fo)  ¥ > » x 
C(II) =(2C —1C)-erfe 2VDE—T). 
When such a calculation is carried out re 
peatedly, next it is found that C(III) is 
shown by 
t-—2T <0, 0<x< ~, C(III)=0; 
t-—2T>0, x=0, C(III)=1C—2C; 
x (8) 
C(I) =GC aC)-erfco y ny, oT) 


Upon generalizing this procedure, it is found 
that the concentration of depolarizer C(x, ¢ 
is demonstrated by 


C=1C+(*C —iC)-erf 


x 
2V Dt 


n 
+ S}(—1)"GC —3C)-erfc (9) 
m1 


x 
2V Dit—nT) ’ 
which holds at the time interval given by 
nT <t<(n+1)T 


can satisfy the con- 
(1), (3) and (4), is 


That this expression 
ditions shown by the Eqs. 
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to be easily verified ; and it is comprehensible 
that the interfacial concentrations are at a 
state of equilibrium and that the fluxes of 
oxidant and reductant are continuous at the 
electrode surface, when the above developed 
theoretical treatment is applied both to 
oxidant and reductant. 


(2) Solution by Means of the Laplace- 
Transformation.—-Next the above deduced 
conclusion will be derived by the aid of the 
Laplace-transformation. Upon applying the 
Laplace-transformation defined by 


LC(x, 1) =p] 


“a 


e-" .C(x, t)-dt=u(x, p), 
the differential equation (1) with the initial 
condition shown by Eq. (3) is converted into 

plu—-*C)=D-7u/ox’. (10) 
The general solution of this equation is 
given by 


; 
\ 


p ,) 
St wy 
Since the relationship w#=*C must always 
hold for x , the integral constant 
clearly zero. Next the remaining constant 
B must be determined. Eq. (4), showing the 
boundary condition, can be written in the 
form: 


“="C A-expy Px B-exp/ 


A is 


)-M(T, 2), 11) 
where the function M(T, ¢) is the “square 
wave” or “meander” function shown in Fig. 
2 and is defined as follows. 


— IT —— 


ra 


: = 











ao 


Pig. 2. S 


| 
=e 


‘thematic representation of 
square wave function shown by Eq. 


(12). 
a (+1 O<t<T); 
MT, t)=) 4 (To 4297): 12) 
UT, ¢+2T)=M(T, 0). 


Furthermore it can be shown that the func- 
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tion M(T, t) has the following transformation. 


pl 13 
9 


YM(T, t)=tanh 
If the interfacial concentration is represented 
by 
C(O, ¢ C=x" “a, 

it is found that 

oT 
. £ 
tanh’, 


u=B+*C=3C+4GC-8C)-(1 

aC + (iC 
thus the constant B is 
follows that 


aC)-{1+exp (—pT)}'; 


determined, and it 


ra oe /px 
u(x, p C+(2C -*C) - exp| -¥ D 
IC -2C)-exp Px). 44 exp(—pT)}" 
: D 14 
Upon utilizing the expansion: 
: a - = i—exp(—p7) 
1+exp(-- pT) 
exp(—2pT)— ...... , 
Eq. (14) can be transformed into 
u(x, p C+(3C *C)-exp{ \ Px 
\ S 
°C 3 xe 1 ( ie oT 
iC —2C)S (—1)*-exp(4/ 4.* ]-exp(-—” . 
aso x“ \ D, ‘(14a 


In order to execute the inverse transforma- 
tion, we can legitimately employ the follow- 


ing theorems; i.e. 


l4 x 
Vv—lexp rx erfc 
os OS i ie 
and if we have 15 
Lf p) = A(t), 


then it is found that 
eI gtr. fp) = A(t—h). 
It must be noticed here that A(¢#—k)=0O for 
t<k and that A(¢t—-k) implies the “ translated 
function”. There is no doubt that by means 
of the Eqs. (15) the expression for w(x, p 
shown by Eq. (14a) can be inversely trans- 
formed into Eq. (9). 

Thus the basic expression for the concentra- 
tion distribution in the that a square 
wave voltage is applied upon a reversible 
electrode is theoretically obtained by means 
of the two mathematically different methods. 
It follows immediately from the above con- 
clusion that the concentration gradient at 
the electrode surface is manifested by 


case 


iC C-x 

OX ) VanDt 

Seay, 1 it) iC aC 16 
5) 

ni \ Di t nT) 


November, 1954] Polarographic Diffusion Current Observed 229 


by Eq. (16). In our laboratory Dr. Suzuki”? 
| | has investigated the electrolysis with square 
wave voltage by the aid of a rotating switch 
\ and the electro-magnetic oscillograph, and the 
recordings thereof are, in the case of re- 
\ versible electrode reactions, quite in harmony 
\ with the present theoretical consideration. 





The validity of the above developed mathe- 
matical treatment will be amply and con- 
vincingly shown in the following article, in 
which many experimental facts will be 
rationally elucidated. 





or — T t —— 
Summary 





By means of the principle of superposition 
and of the Laplace transformation, the dif- 








es | \ ferential equation of diffusion is integrated, 
4 and the result thus obtained gives the fun- 
damental theoretical expression for the elec 
trolysis with a square wave voltage. 
Fig. 3. Schematic representation of the 
course of instantaneous currents intensity The author wishes to express his sincere 
ee eee a ogee era thanks to Prof. I. Tachi for his kind guidance. 
nos a | ee re The author's thanks are also due to Dr. M. 
° . Suzuki, who helped the author with many 
I=; 2 4: —_ oscillographic data. 
vt «a= vt—xuT 
The numerical values employed are as Department of Agricultural Chemistry, 
Por a a Faculty of Agriculture, Kyoto 
- ae) ae ' tei : University, Kyoto 
The instantaneous current intensity is readily ) M. Suzuki, J. Electrochem. Soc. Japan, 22, 63. 112, 
obtainable from this equation, and in Fig. 3 162, 221 (195'); Memoirs College Agr., Kyoto Univ., No. 
67 (1954 


is illustrated an example of the function given 


Polarographic Diffusion Current Observed with Square Wave Voltage. III. 
Applications of the Theory 


By Tomihito KAMBARA 


(Received February 26, 1954) 


In Part I of this study,” the change of The instantaneous current intensity 7, on the 
diffusion current produced by the disconti- other hand, is shown by 
nuous change of the electrode potential is t=nF qD(-C/3x)x=0. 2) 
iscusse P a >: > Orv ’ 
discussed, and further in Part II the theory Now, writing 
for the electrolysis with a square wave vol- : . . ; . 
; % é uae os - a=*( C; p= Cc; 3 
tage is developed.'? The conclusion thereof 
; R : ra ay ; 
is, employing the same symbols as in the k=nF qv D/x ; 4) 
previous Studies, that the concentration gra- it is seen that 
dient of the depolarizer at the electrode ; a n a 
surface is demonstrated by I be ae 9) 
‘CC : : C_8C Re Vt = Vt-nl 
aC Bi I = : 1 2 . , - ; 
( ; ) \ Get og am Further, for the sake of convenience in the 
Ix / 250 Cit a VxaD(t -nT) ag Ns agi “4: e 
following discussions, some quantities will be 
(1) introduced as follows. Let iz, be the diffusion 


1) T. Kambara, This Bulletin, 27, 523, 527 (1554). current observed when the electrolysis is 
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continuously executed with the constant vol- 
tage E,; then it is seen that 


mFqVD .. A ka 
zy -— CC —H) Vp (6) 
where ,C is the equilibrium interfacial con- 
centration of depolarizer corresponding to 


the voltage E;. Therefore the mean value 
of the current intensity in the time interval 


from ¢=0 to ¢=¢, is shown by 
v 1 mM 2ka (7 
2 ! i,-dt Vt, . (4) 
An analogous discussion holds also for the 


electrolysis with the steady voltage E., where 
it is found that 


;, kia — B) 

22> Vt ; (8) 
- 1 ft, 2k(a— B) 

a 2° 1t= ; ‘ (9) 
ts i, / 12° V1, 


These can be readily seen, since »C implies 


the equilibrium interfacial concentration cor- 


responding to the constant voltage E,. Thus 
from these equations it follows that 
Vii = Pei os 
= ' (41 — 22) (4; — 29). (10) 
B= 5), p it 


Next, some conclusions derived from the 
theory will be compared with several experi- 
mental findings in the section below. 


Experiment of Madame Fournier 

In the recording of polarographic current-voltage 
curve, Fournier? has experimented while a _ sui- 
table alternating is superposed onto the 
constant voltage, which increases negatively as is 
usual in polarography. The result of her experi- 
ment is well understood when the superposed 
sine-wave voltage is regarded to be equivalent to 
a square wave voltage of suitable amplitude and 
Now, we will compute the mean cur- 


voitage 


frequency. 
rent which flows during the time interval shown 
by 

t,;=2mT, 
where JT represents, as in the previous papers, 
the half-period, and in the case of the dropping 
mercury electrode t; corresponds to the drop time. 
Eq. (5) can be written as 


(m: an integer) (11) 


a... ( 1 ‘ 1 , 1 
Vt AVe-?T ' Vt—-2T * Vt—-3T 


] 1 
Vt—(2m—2)T | Vt ima) 
Thus the integrated value of J is given by 


ct (tl @ tl dt 
I-dt -| It +0 | , 
\, oVe- rVt—T 
fi" dt 2 , f" dt 
rVt—2T JS om-2y 7 Vt—(2m—2)T 


ti dt 
=~ (2m v2, 
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where the lower limits of the integrals take the 
values: 0, T, 2T, «+++ , etc., because each term 
containing (¢*--nT)~'2 in the summation in Ea. (5) 
must vanish away for t<nt owing to the property 
of the translated function. Upon executing the 
integrations, it is found that 


id , , , 
| 1-dt=2eV 2mT —2pVT (V2m—1+ V2m—3 


teeeee +W3+V1)+ 28VT(V2m—2+ V2m—4 
+W4+V 2). 


For the large value of m, the approximate values 
of the series appearing in this equation can be 
estimated by performing integration instead of the 
summation as follows. 


> 


m , - mm, 1 V2 
2 V2n—1=| \ 2(m -5) -dm 


I 


2V2((m—1)"-(3)"} 


” n 
> '2m -2~| V2(m 
, 


msl 


w 


-1)'2-dm 


-2¥ 2 {(m~1):2-1}, 
{ j 


Hence we obtain 


-omT , 9V9 4 3'2 
I-dt~2aV 2mT —2p8VT -—— {(m I ) 
0 3 ( 2 


~(m—1)#2 +1 i) b 


Therefore, upon regarding m to be very large 
and applying the familiar binomial theorem, the 
mean value of Fournier current is shown by 


“ k c2mnT 2ka 
i-= . I-dt= ‘ 
, 2mT \, V 2m7 
1kp \ 2T = m, V8 % 9 
—" . . (12) 
3 2mT | V8 


Inserting Eqs. (7), (10) and (11) into (12) gives 


; r 2 oe ‘ys We-9 ) 
+=, (a, abd ' . 
, ; : ir “_ V 8m ) 


which, again owing to the large value of m, can 
be simplified into 
> 1 - 2 9 
ir AS tt). (13) 


On the other hand, the equation for the polaro- 


graphic wave due to the reversible electrode 
reaction is, upon employing the usual notations, 
demonstrated by 
i= '4(1+tanh £); 
4 (14) 


1. nF 
2 RT 
In the Fournier’s investigation, it can be written 
that 


i 
S 


E +E 2). | 


E,=E-—4E: E2=E+4E; (4E>0) (15) 


2) M. Fournier, Compt. rend.. 232, 1673 (1951). 
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&=t—4E; &=t+4§; ) wave voltage; viz. at first the electrolysis is car- 
 * : ( (16) ried out with the potential E, for T sec. and then 
45= a" yi | the potential is discontinuously changed to a more 
Positive value E;; i. e. 


Accordingly the Fournier’s current-voltage curve 
is manifested by 


p= wt {2 + tanh (§—4t)+ tanh (é+4é)}. (17) 


Then, since we have 


tanh ¢=— tanh(-—), 


it is found that the curve: 
= da ia 5 , > 4 
(p= = {tanh (¢— 4t)+ tanh (+ Jé)} 


aes 7 {tanh (—t—4t)+tanh (—é+ 4é)} 
has a point of symmetry shown by 


E=E\;2; (18) 


ip=taz; §=0; 
which is, of course, identical with the usual half- 
wave point. 

Further the following relations are also found: 
ire=ia for E=—@; S=0; 
i~=0 for E=0; §=-—w; 

Next the inclination of the Fournier’s polaro- 


(19) 


gram at the half-wave potential is given by 


($7) - ianF . 1 
dE /pr=rmie  4RT cosh? 4é 


whereas that of the ordinary polarogram is, as 
is well known, given by 
ianF 


Cs 

dE /p=rie iRT 

Thus it can be concluded that the inclination is 
made less steep by the superposition of an alter 
nating voltage. The above derived theoretical 
conclusions have all been confirmed experimen- 
tally by Fournier in the case of reversible 
electrode reaction, e. g. the cathodic reduction of 
monovalent metal ion; the general aspect of 
Fournier current is illustrated in Fig. 1. 


; (20) 


(21) 








eS dll dha 4 —t—1 
-3 0 o 





Fig. 1. Curve I shows the ordinary polaro- 
gram, and curve II shows the Fournier’s 
polarogram drawn theoretically with the 
value 45=2 [Cf. Eqs. (14)-(17)]. 


Kalousek Apparatus 


In the apparatus designed by Kalousek,*®) the 
electrolysis is performed by applying a square 


E,>E\, (22) 
and it may be supposed that the reversibility of 
the electrode process is to be judged by the in- 
tensity of the oxidation current. And thus in 
this apparatus, it is so designed that only the 
current flowing during the application of the 
more positive potential EH. is recorded by the 
galvanometer. In order to clear up the obser- 
vations obtained with this apparatus, at first, we 
must compute the integrated value of the current, 
which flows in the half-period shown by 

E=E2; (2m+1)T<t<(2m+2)T (m: integer) (23) 
It follows from Eq. (5) that 


C2m4+2)T 
(2m+2) T a 
| 1-dt=| * dt 
(2m+1) T Vt 
(2m+1) T 
oust pana B 1 
™ : ( 1)”- -dt 
nat J Comet T Vt—nT 
=2e(V2m+2—V2m—1) VT 
+2BVT (V 2m + V2m—24 +00 + V2) 


28VT (V2m—1+ V2m—3+-+-+ 
+V34+V1) 

28VT (V2m+1+ V2m—1 
+V3+V1). 

+2BVT (V 2m + V2m—2+---+- +V2) 


As shown in the preceding section, for the large 
value of m, it can be written that 


m m 9 
e mia | m' 2.dm=-——(m?/2—1); 
1 1 3 


—_ 
me 


m™m 


m 
> (2m pax] (2m—1)!/2-dm= , {(2m—1)*2—1}; 
mai I © 
m m+ 1 
SS (2m4+1)2~>|) (2m+1)'2-dm= 3 {(2m+1)*/2—1] ; 
m= l < 


i. e. the summation is replaced approximately by 
integration. Thus with the aid of binomial the- 
orem, it is seen that 


(2m4+2) 7 _ 4 
| I-dt=2aV T(V2m+2—V2m+1) 
(2m+1)T 
+483 2T { 2ms.2 2 -(m 45 (m + >) 
3 2 2 
1 \ ar, ofa ; eg 

t= ~2aVT (V2m+2 —V2m+1) 

V 2) 
, 4pV 27 (. =. 23 
3 2 aed 


Now we must evaluate the integrated value of 
the total current which flows under the applica- 
tion of potential EH, during the time interval 
given by 

t; =2(m+1)T. (24) 
Then it is seen that 


3) M. Kalousek, Collection Czech. Chem. Communs., 13, 
105 (1948). 
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n (2m+2) 7 m - 
> I-dt= >> 2aVT(V2m+2—V2m+1 
md (21) T m=) 


1Bysaf_l_., 
H(m+1)9P 1 aT (, =~2), 


where it can be shown approximately that 
m 
> (V¥2m+2—V2m+1) 
nn 


m \"'2 
~ 
) ( 5) : 
in which the summation is again replaced by in- 
tegration. Therefore the Kalousek’s mean cur- 
rent which flows during the half periods, in which 


’ 


the potential Ez is applied, is demonstrated by 


2V2/3 , V¥8-1 
ieee (jm? 


o 8 


= m ¢ (2m4+2)T 
in=ks | 
! (2n+1)T 


I-dt / t; 


425) 


vod = \"? 


kB /o ! ) l 
Vt m+] : i re. 


v2E7 
can be regarded to 


where the quantity } mm+1 


be nearly unity for the large value of m. Hence, 








upon inserting Eqs. (7) and (10) into this equation, 
it is seen that 
> | Ss 
UA 5 et oe Dds 
Pilg V 27 
P (26) 
) l 
> ) 1 1¢ 
s =~\ - Vo ) ; 4 
wv ~ 
Eurther the frequency of applied square wave 


introduced according to 


voltage will be 
f aT. (27) 
which is equal to the number of revolutions of 
rotating switch per second. ‘Then it is manifest 
that 
tK lj sV f (4, —%2) (28) 
9 “1 f l ba}, A 


which is the fundamental equation for the Kalou- 
sek current provided that the electrode reaction 
proceeds reversibly. 

The changes of the cathode potential with time 
due to the employment of Kalousek apparatus Ia, 
II and III are schematically illustrated in Fig. 2, 
In the case of apparatus I, it is so designed that 
the potential Ey is always kept more positive by 
a constant value JE than the potential E;,; i. e. 


E,=E,+ JE. (29) 
Accordingly it can be readily found that 
i, -ty - ft (dijdE)-(--4E), (30) 
and further it is clear that the potential E, is 
increased negatively with time, as is usual in 
polarography. Thus i, is shown by Eq. (14) de- 
monstrating the ordinary polarographic wave. 
Therefore, it can be readily seen that 
7 i= ef di 7 ‘ 
ix(Ia)=-—t—s\ ( _}*(—4E); (31) 
2 f dE ) 


viz. the curve observed with the apparatus la is 
the superposition of two currents, namely (1) the 
current-voltage curve registered with the half 
decreased sensitivity of a galvanometer, and (2) 
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the derivative curve thereof multiplied by the 
factor(—s\f). It is derived from Eq. (31) that 
a deep valley due to the oxidation current should 
be observed near the half-wave potential, which 
is in complete accordance with Kalousek’s find- 
ings. Further it is that at a sufficiently 
negative potential, the Kalousek current is just 
one half the limiting diffusion current (cf. Fig. 3). 


seen 








ahi on 
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Fig. 2. Changes of the electrode potentia 
vith time in the Kalousek’s apparatus. 
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Fig. 3. Kalousek polarogram Ia. 
Next in the apparatus II, the potential FE, is 


fixed at such a negative value that the limiting 
current ig is observable, whereas E2 is increased 


negatively. Thus from Eq. (28) it follows that 


ixa=(3 -sV f iatsV f 7. (32) 
This conclusion shown in Fig. 4 is quite in har- 


mony with the experiment. 

Eurther, in the apparatus III, the potential EF, 
is fixed at such a positive value that no appreci- 
able reduction occurs, i. e. 

%=0, 
whereas E;, is increased negatively. 
seen that 


Thus it is 
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tn (111) (sv f —-. pi. (33) 


Kalou- 


This equation also agrees well with the 


sek’s observation, and is illustrated 


in Fig. 5. 


Fig. 5. 


Kalousek polarogram III. 


Ishibashi-Fujinaga Apparatus 


In I-F apparatus® aiming at the differential po- 
jarography and the increased sensitivity, a square 
wave voltage is applied by means of a rotating 
switch as in the Kalousek apparatus; further- 
more, the rotating current alternator makes the 
current, flowing under the application of potential 
E>, run through the galvanometer in the reverse 
direction, which is opposite ta the direction of 
the current flowing while the potential is E,. 
This is, as it were, a full-wave rectification of 
the electrolytic current observed with a square 
wave voltage. Thus, in order to treat this pro- 
blem theoretically, it is needed to compute the 
mean current which flows in the half-period 
shown by 

E=E,; 2mT<t<(2m+1)T (m; integer) (34) 
Therefore, at first, we must evaluate the quan- 
tity: 


4) M. Ishibashi and T Fujinaga, This Bulletin, 25, 68, 
238 (1952). 
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This calculation is 
Eqs. (23) and (25); but this is much more simply 


performable as shown below. 


” (2+!) 7° 
~ | I-dt. 
oD} LP, 


2nT 


to be executed as is seen in 


When the time in- 


terval given by 


t;=(2m+2)T 

is considerably long, it is already seen that (cf. 
Eq. (13)) 
| i-dt=tp= _(t;+%). 
o 7 
On the other hand, there is no doubt that the 
following relationship holds. 

. 1 ” e (2+ i 204? a ms 

ir p> J i-dt#-4 i-dt' » (35) 

ti mo (Jour J (2m41)T J 


Thus it follows from the Eqs. (13), (26) and (35) 


f (4, —t). (36) 
Hence the mean current observed with I-F ap- 


paratus is clearly given by 


1wyeo™ a ‘ogee 1 
— Sil, , poe; 


(2s. f — \t,—2). (37) 


apparatus, it is so arranged 


-const. 


JE=E.,—E;, 
Therefore, from Eq. (20) it follows that 


1 di 


-(2s3\ f : )+( JE). (38) 


\ y )( dE 


i,r( diff.) 


Thus the sensitivity of the derivative curve in- 
creases, when the revolution number of a rotat- 
is elevated and when a large JE is 
16 c./sec. the height 


ing switch 
chosen. It is seen that if f 
of the peak of the derivative curve is about ten 
times greater than ~7 corresponding to the given 
value of 4E. Next in the I-F apparatus for the 
increased sensitivity, the potential FE» is so chosen 
that no appreciable cathodic current flows: i.e. 
i. =0. (39) 
On the other hand, 2; is the current intensity 
corresponding to the ordinary polarographic wave 
and is given by Eq. (14). Hence it follows that 


i,riincr.)=(2s f : )-7; (40) 
i. e. the observed polarogram exhibits the same 
effect, that is to be seen with the increased sen- 
sitivity of the galvanometer employed; such an 
effect of increasing the sensitivity, however, de- 
pends clearly on the reversibility of the electrode 
process. 

Note—In the above discussions, in which the 
current intensities under several experimental 
conditions are well comprehensible from the pre- 
sent theoretical considerations, the reversibility 








534 Shinichi KIKUCHI, Yoshikata SAKAGUCHI and Kazumi AKIBA 


of electrode reaction is always assumed. Accord- 
ingly deviations of experimental results from the 
theoretical conclusion are obviously due to the 
irreversible character of the process concerned; 
and hence the degree of such a deviation may be 
a rational measure of the irreversibility. 

The above theory is developed based on the 
assumption that a stationary plane electrode is 
employed; thus it may not be quite adequate to 
apply the theory to the phenomenon obtained 
with a dropping electrode. But, since the equa- 
tion for the diffusion current at a plane electrode 
differs from the Ilkovic equation only by a nu- 
merical factor, the present theory seems to be 
approximately correct. Were it possible to per- 
form the calculation taking the effects due to the 
curvature and expansion of mercury drop into 
consideration, although mathematically very hard, 
it would be a strictly correct. 

When in the above treatment the changes of 
the mercury drop surface given by 

q=0. 85-m? 3-23 
is employed, then we have the definite integral 
of the form: 


t?'3-dt (t’+nTyPe _. 

, a ——— 8’ , 
nT \ t nT 0 Vt 

which can not be evaluated rationally. But in 

this integral the effect of the denominator is far 
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greater than that of numerator, so that the error 
produced by the assumption that the surface area 
is independent of time may not be very serious. 


Summary 


The theoretical treatment given in the 
previous works on the electrolysis with 
square wave voltage is here applied to the 
elucidation of experimental results. Thus 
the experiment by Madame Fournier is satis- 
factorily explained, and further the findings 
obtained with Kalousek’s and Ishibashi-Fuji- 
naga’s apparatus are also rationally clarified. 


The author wishes to express his sincere 
thanks to Professor Tachi for his interest 
to this study. The author’s thanks are also 
due to Professors J. Heyrovsky, M. Kalousek 
and J. Koutecky in the Polarographic Insti- 
tute of the Czechoslovak Academy of Scien- 
ces, who helped him with constructive 
criticism and kind encouragement. 
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On the Reactions Between Some Organic Sulfur Compounds and Silver 
Ions with Potentiometric Titrations 


By Shinichi Kixucu1, Yoshikata SAKAGUCHI* and Kazumi AKIBA 


(Received May 6, 1954) 


Introduction 


Reactions between organic photographic 
fog-inhibitors and silver ions were measured 
by means of silver potentiometric titration in 
this laboratory. The senior authors, Kikuchi 
and Sakaguchi reported those on the pyri- 
midine derivatives’. and Kikuchi, Saka- 
guchi, and Murobushi on the benzimidazoles 
and rhodanines". The present report intends 
to clarify the reactions between some organic 
compounds other than cited before and the 


* Y. Sakaguchi has been in Fuji Photo. Film Co., since 


April, 1952. 

1) S. Kikuchi and Y. Sakaguchi, Journ. Sci. Phot. Japan 
(in Japanese) 12, No. 4, 3-7 (1950) ; abstracted in Sci. et in- 
dustr. Phot., 23 (2) 307 (1952). 

2) Y. Sakaguchi and S. Kikuchi, ibid., 13 No. 4, 126-131 
(1951); abstracted in Sct. et industr. Phot., 23 (2) 178(1952). 

3) S. Kikuchi and Y. Sakaguchi, Sci. et Industr. Phot., 
23A 248-260 (1952). 

4) S. Kikuchi. Y. Sakaguchi and K. Murobushi, Bull. Soc. 
Scient. Photo. Japan (in English), No. 2, 10-19 (1952). 


silver ion by the same method with an im- 
proved device. The substances chosen in 
this report are as follows: 

potassium thiocyanate (I) 

thiourea (II) 

thiosemicarbazide (III) 

benzaldehyde thiosemicarbazone (IV) 

piperonal thiosemicarbazone (V) 

p-dimetylamino benzaldehyde thiosemicar- 
bazone (VI) 


p-acetamide benzaldehyde thiosemicarba- 
zone (VII) 
o-nitrobanzaldehyde thiosemicarbazone 


(VIII) 
m-nitrobenzaldehyde thiosemicarbazone (IX) 
p-nitrobenzaldehyde thiosemicarbazone (X) 
phenyl thiosemicarbazide (XI) 
benzaldehyde phenyl thiosemicarbazone 
(XII) 


Some other substance not containing sulfur 
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are also chosen: 

hydrazine (XIII) 

urea (XIV) 

guanidine (XV) 

diphenyl guanidine (XVI) 

These sulfur compounds are mainly chain 
compounds and some of these are apparently 


photographic sensitizers or even fogging 
agents. The authors wished to know the 


effect of the substitution of amino group of 
thiourea in connection of this reaction. 


Experimental Part 


(a) Pen-recording System of Potential- 
The silver potential of substances is measured 
potentiometrically. The voltage difference of a 
cell which is set up with the calomel and the 
silver electrode is amplified and read on a pen- 
writing recorder described in the previous 
paper*) 

(b) Automatic Titrator®» — The addition of 
silver nitrate solution to the reagent is done 
with the automatic titrator designed in this 
laboratory (Fig. I). A syringe plunger is driven 
by the system of synchronous motor, gears, belt, 
and travelling nut. The change of gears enables 
four steps of the travelling nut’s speed (50, 10, 
2.5, and 0.625 mm/min.). Besides changes of the 
connection of belt and pulley make seven stages 
which are 2, 1.5, 1.25, 1 (standard), 0.75, 0.625, 
and 0.5. The nut’s speed should be changed 
in 28 steps between 100-0.3125 mm/min. 
combinations of gears and belt make two pairs 
of the same speed, so 26 steps in total are inter- 
changeable. The size of the syringe may be 


changeable from 1 to 10cc also. The present 
experiment took place under conditions of about 
speed 


Scc. syringe and 1.25 mm/min. which cor- 


responded to 0.67 cc./5 min. 





Automatic titrator 


Fig. 1. 


(c) Procedure—0.075 N solution of silver nit- 
rate is added to 50cc. of 0.001 M/! buffered solu- 
tion of organic compound in the rate of 0.67 cc./5 
min. i.e. 0.00005 M/5 min. under vigorous agitation. 
5) S. Kikuchi and Y. Sakaguchi, Seisan Kevkyu (in Japa- 
nese) published by Univ. of To yo, 3 No. 4, 161 (1951). 

6) J. J. Lingane, Anal. Chem., 20 No. 4, 285-292 (1948). 


But the 
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In this concentration ratio, five minutes are neces- 
sary for an equivalence of Ag. On the other 
hand, the chart speed of the recorder can be 
changeable in 5, 10, 20, 60, 120, and 240 mm/min. 
ormm/hr. Throughout this experiment, the speed 
10mm/min. was used, so 50mm. on the chart 
corresponds to an equivalent. 

If the compound is salted out in buffer solution, 
it is dissolved in organic solvent as methy] alcohol, 
then diluted with the buffer solution to the above 
concentration. A cleaned silver electrode is dipped 
in the solution and titration is started, and then 
its potential refered to the saturated calomel 
electrode is recorded as described above at 50°C. 

(d) Buffer Solutions—As buffer solutions, the 
Walpole’s acetate buffers are used for pH 4 and 
5, the Sdrensen’s phosphate buffers for pH 6, 7, 
and 8, the Sdrensen's borate buffers for pH 9, 10, 
and 11. The formulae for these were given in 
our previous report*’. In phosphate buffers, some 
substances need more silver ions than expected 
and this showed that the phosphate buffers were 
inadequate for these substances. So the authors 
used the citrate buffers for pH 6 and 7, and the 
modified S6rensen’s buffer for pH 8. The formulae 
of the buffers are given in Table 1. 


TABLE | 
FORMULAE OF BUFFERS 
S6rensen’s citrate buffer at 50°C 
Solution A 
(citric acid 21.008g+1 N NaOH 200cc)/1. 
Solution B 0.I N NaOH 
pH 6.0 solution A 52.5 vol% solution B 47.5% 
6.8 - 61.8 Ra 38.2 
Sérensen’s glycine buffer at 50°C 
Solution A (glycine 7.505g+NaNoOy; 8.501g)/1. 
Solution B 0.1 N NaOH 


pH 8.0 solution A 93.5% solution B 6.5% 


The sodium chloride of Sérensen’s original for- 
mula is replaced by a gram equivalent of sodium 
nitrate to avoid the precipitation of silver chloride. 
In order to compare the buffering efficiency of 
the original and modified formulae, the pH change 
at 50°C. is shown in Table 2 when 0.05 N AgNO; 
is added to 50cc. of the buffering solution. 


TABLE II 
3UFFERING POWER OF TWO BUFFER SOLUTIONS 
BY ADDITION OF AgNO; 


Kind of 0.05N 

buffer AgNOs;cc 0.00 1.00 2.00 3.00 4.00 5.00 
glycine pH 7.97 7.88 7.70 7.50 7.36 7.22 
phosphate pH 7.93 7.90 7.88 7.82 7.80 7.7% 


The phosphate buffer has a far better buffering 
power than the glycine buffer. 


Results of Experiment 


(a) Significance of Silver Potentiometric 
Titration Curves—<As the significance of curves 
discussed in the previous papers?®, 


was fully 
readers 


the authors intend here to remind the 
of the following. 








536 Shinichi Ki1KUCHI, Yoshikata SAKAGUCHI and Kazumi AKIBA Vel. 27, 


i. The silver potential is likely to be less noble 
when the silver salt of organic compound is 
hard-soluble and the compound adheres to silver 
halide as sensitizer, fog-inhibitor or desensitizer. 

ii. One can discriminate the quality of com- 
pounds with their colors of precipitates. Black, 
brown or grey shows the production of 
silver or silver sulfide which are the reason of 
Yellow, yellowish 


colors 


sensitization or fogging action. 
orange, and white colors which are their silver 
salts are generally the sign for good fog-inhibitors. 
iii. The sawteeth form of curve shows the 
reduction of Agt. 
iv. The curve of the ineffective substance is 
same as that of buffer solution. 
Potassium 
thiocyante 
thiocyanate 


(b) Potassium Thiocyanate (I) 
thiocyanate gives constant silver 
potentials curves at any pH. The 
ion is similar to inorganic halogen ions although 
it contains a sulfur atom. 

(c) Urea (XIV), Guanidine (XV) and Diphe- 
nyl guanidine (XVI)— From Fig. 2 it may be 
seen that urea does not react with 


Ag*t. Guani- 
dine and diphenyl! guanidine resemble urea. 


r 
‘4 


Volt Fa: 


telecrode 


H. 


VS. 





Reaction ratio to Ag 
Abbreviations 


black 
brown 
dirty 
grey 
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HoN NHy-HpSO, 


-: } : 3 
Reaction ratio to Agt. 


Fig. 3. Hydrazine sulfate. 


(d) Hydrazine— The solution of hydrazine 
sulphate gives, as generally accepted, the curve 
of reduction of 2 mol. Ag* ion in the region 
more alkaline than pH 6 (Fig. 3). 

(e) Thiourea and Thiosemicarbazide—Ff rom 
Fig. 4 the thiourea shows the reduction of 2 mols. 
of Ag*t ion in the acid region, while in the neutral 
and alkaline regions, the curves indicate the 
decomposition of compound to give black silver 
sulfide up to 2 mols. equivalent of AgNO; and 
the yellow residue with more silver ions. The 
former is produced by means of =S and the 
latter by —NH». The authors suppose that the 
electronegativity of NH» in thiosemicarbazide 
affects less than thiourea owing to the long 
distance from the carbon atom attached to =S$, 
so the first gives the silver sulfide more easily 


than thiourea. 





(Fig. 4, 5) 





Reaction ratio to Ag* 


Fig. 4. Thiourea. 


electrode Volt Eag 


H. 





Reaction ratio to Agt* 
Thiosemicarbazide. 


Fig. 5. 


(f) Benzaldehyde Thiosemicarbazone (IV)— 
Fig. 6 and 7 are obtained for (IV). In Fig. 6 
Sdrensen’s phosphate buffers were used, the equi- 
valence to Agt becomes larger with pH increase 


up to 8. The silver equivalent at pH 6, 7, and 
8 are 2, 2.5, and 3.5 respectively. Suddenly it 


where the 
then 
range 


turns back to 1 at pH 9. In Fig. 7 
citrate and the glycine buffers are used, 
(IV) gives unit silver equivalent at pH 
from 4 to 10, in other word it does not give silver 
sulfide. In fact, (IV) is the good fog-inhibitor. 
Perhaps the benzaldehyde group lessons the 
electronegativity of NH» group. 


Volt Fag 


electrode 


H. 





VS. 





Reaction ratio to Agt 





Fig. ¢ Benzaldehyde thiosemicarbazone. 
- | pee 
= +05t =. W.t 
s 


electrode 


Ll. 





> eee a 
0 ] 3 
Reaction ratio to Agt 
Fig. 7. Case of benzaidehyde thiosemi- 
carbazone with new type of buffer solu- 
tion. 


(g) ©, m-, p- Nitrobenzaldehyde Thiosemi- 
carbazones. (VIII, IX, X)—The curves for three 
isomers. (VIII),-(IX), (X) are given respectively 
in Fig. 8, 9, and 10. At pH 6, 7, and 8 (IX) and 
(X) they need too much silver ion and at pH 9 
the equivalence turns back to unity. New buffers 
reveal that even at these pH the substances need 
one Ag*t. The substance (VIII) shows, contrary 
to (IX) and (X), the unit equivalent even with 
phosphate buffers. This fact makes us to suppose 
that silver atom, phosphate ion and some organic 
substance from the complex form and meta and 
para forms are more suitable for this complex 
formation than ortho form. 

The colors of precipitates show that these 
compounds are probably good _ fog-inhibitors. 
Indeed the emulsion test with these substances 
done by Konishiroku Photo Co. reveals that 
these are good fog-inhibitors though a little 
desensitizing”. 





< a a e 
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{ 
ore NH NO: 
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Reaction ratio to Agt 
Fig. &. o-Nitrobentaldehyde thiosemicar 
bazone. 
7) Konishiroku Photo Co., Repcri of the Commi'tee of ad 
dition agent, (1952). 
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Fig. 11. Case of m-nitrobenzaldehyde 


thiosemicarbazone with new type of 


buffer solution. 


(h) p-Dimethylamino Benzaldehyde Thio- 
semicarbazone (VI) and Phenyl Thiosemi- 
carbazide (XI)—The silver potentiometric titra- 
tion curves are also obtained for (VI) and (XI). 
The substance (VI) as predicated from its similar 
structure with (IV) has no tendency to produce 
Ag,S, while substance (XI) has this tendency 
stronger than thiosemicarbazide (III). 

(i) Piperonal Thiosemicarbazone (V) and 
p-Acetamide Benzaldehyde Thiosemicarbazone 
(VII) and Benzaldehyde Phenyl Thiosemi- 
carbazone (XII)—These compounds have qualities 
between (IV) and (XI). 

(j) The color of the precipitates and the free 
energy change are shown in Table III when the 
substances are titrated with Ag*. To see easily 
all characters of the tested substances, Table III 
is dressed in which the symbol — AF" 2; (standard 
free energy change at 50°C.) is as previous 
reports?*). 
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Fig. 13. Phenyl thiosemicarbazide. 


PROPERTIES OF SUBSTANCES OBTAINED BY THE REACTION OF ORGANIC SULFUR 


p-dimethylamino benzaldehyde 
thiosemicarbazone (VI) 18.9 pale yellow 

m-nitrobenzaldehyde 
thiosemicarbazone (VIII) 18.3 


pheny! thiosemicarbazide (XI) 18.8 


yellow 


benzaldehyde phenyl] 


thiosemicarbazone (XII) 19 pale yellow 


Conclusion 


From the silver potentiometric titration of 
some organic sulfur compounds and their 
related compounds, the following facts are 
revealed. 

1. In the phosphate buffer, some com- 
pounds (IV, V, VIII, X, XII) need too much 
silver ion because of the complex from of 
silver and phosphate and these compounds. 
Then the citrate and glycine buffers were 
used in order to avoid the complex formation 
from these compounds. 


2. SCN- radical gives an inorganic silver 
salt which is not affected with the pH 
change. 


3. Hydrazine reduces Ag* although it 
does not give sulfur compound, because of 
the reducibility of NHb». 


dark brown 


THE SILVER ION 


7.0 9.0 
AF’. Colors AF’’32; Colors 
15.4 white 15. 4 white 
no . no 
no - no 
no ~ no 
17-18 silver black ppt. 20 silver black ppt. 


19 dirty brown black 22.7 dirty brown, black 


18 brown, black 22.5 black 
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Fig. 12. p-Dimethylamino thiosemicarbazone. 
TABLE III 
COMPOUNDS AND 
Substances pH 5.0 
AF’ 39; Colors of 
kcal/M precipitate 
Potassium thiocyanate (I) 15.4 white 
urea (XIV) . no 
guanidine (XV) — no 
diphenyl guanidine (XVI) - no 
hydrazine (XIII) — no 
thiourea (II) 16 brown, black 
thiosemicarbazone (III) 14. brown, black 
benzaldehyde 
thiosemicarbazone (IV) 17.7 white 20.6 white 22.9 pale greyish brown 
piperonal 
thiosemicarbazone (V) 18.7 white 21.1 white 23.2 pale brown 
p-acetamide benzaldehyde 
thiosemicarbazone (VII) 17.5 white 20 white 22.5 brown black 
21.7 yellow 23.5 pale brown 
20.8 yellow 23.0 pale brown 
20.7 greyish brown 23.5 black 
21.5 yellow 22.9 yellow brown 


4. Phenyl thiosemicarbazide (XI) gives 
sulfur most easily, next is thiosemicarbazide 
(III) and then thiourea (II). 

5. We concluded that the sulphur atom is 
to make good fog-inhibitors, and 
thiosemicarbazone derivatives which have 
long chain structure are excellent for the 
decrease of the electronegativity of NHkb. 
Thiosemicarbazide derivatives give sulfur 
compounds and thiocyanate gives. silver 
thiocyanate only. 
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Two Uncommon Amino Acids obtained from Roseothricin* 


By Koji NAKANISHI, Toshiko Iro, Mamoru OnAsui, Ichiro MorIMoTO 


and Yoshimasa HIRATA 


(Received May 17, 1954) 


Roseothricin is a complex antibiotic com- 
prised from several components and produced 
by Streptomyces roseochromogenus. It was 
formerly designated H-277 and isolated by 
Hosoya et al.’ from the soil of suburban 
Tokyo during the course of investigations 
on the production of antibiotics from various 
molds. Although of rather limited clinical 
importance due to its somewhat ‘high toxi- 
city, it possesses a high and broad anti- 
bacterial spectrum”; furthermore, the acid 
hydrolysis of either roseothricin complex or 
of the separated components afforded two 
amino acids, neither of them belonging to 
the common natural amino acids. Hence 
chemical investigations have been under- 
taken on these hydrolysates, and one has 
been identified as #, e-diaminocaproic acid 
(I) (B-lysine)®*** or isolysine®. The other 
substance, for which the trivial name of “ rose- 
onine” is proposed, has now been shown to 
be 2-amino-4 (or 5)-(1-carboxy-1-hydroxy-2- 
amino)-ethyl-2-imidazoline (II), a totally new 
-amino acid.**** 


N H2CH2CH2zCH2zCHCH2COOH 
| 


NH 
I 
COOH 
| 
N-——C—CH;NH, 
! | 
c OH 
NeH N 
H 
I 


The separation of the components of 
roseothricin complex was accomplished by 
submitting the substance to paper chromato- 


* Reported at the 6th Annual Meeting, Chem. Soc. Japan, 
(Kyoto), April, 1953 and at the 7th Annual Meeting, Chem. 
Soc. Japan, (Tokyo), April, 1954. A communication has appear- 
ed in J. Am. Chem. Soc. 76, 2845 (1954). 

1) S. Hosoya, M. Soeda, N. Komatsu, S. Imamura, M. 
Iwasaki, Y. Sonoda and K. Okada, Jap. J. Exp. Med., 20, 
21 (1949); J. Antibiotics, 3 (4), 217 (1950). 

2) S. Hosoya, M. Soeda, N. Komatsu and S, Imamura, 
Jap. J. Exp. Med., 20, 481 (1950): J. Antibiotics, 4, (2), 79 
(1951). 

3) H. E. Carter, W. R, Hearn, E. M. Lansford, Jr., A. 
C. Page, Jr., N. P. Salzman, D. Shapiro and W, R. Taylor, 
J. Am. Chem. Soc., 74, 304 (1952). 


4) E. E. van Tamelen and E. E. Smissman, ibid., 3714. 


graphy, utilizing butanol-ammonia-p-toluene- 
sulfonic acid mixture as solvent and B. 
subtilis test plate for location of the active 
agents.” Three substances were obtained, 
which were designated roseothricin A, B 
and C, in order of their decreasing flow 
distance; a fourth component was obtained 
occasionally. Filter paper cataphoresis (100 
v., 4 hrs.) at pH 4.6 separated the complex 
into two fractions, A and B-C. Separation 
of the complex by means of paper chromato- 
graphy and filter paper cataphoresis under 
slightly different conditions have also been 
reported.” Jon exchange chromatography 
was found to be effective” for the separa- 
tion of A and B-C in fairly large quantities ; 
the complex was absorbed on a column of 
Amb. IRC-50 (Na-form) column at pH 7, and 
when eluted with citric acid-HCl buffer at 
pH 4.6 and gradually lowering the pH by 
0.2 units, the following three fractions were 
obtained: pure A, A-B-C mixture and finally 
B-C mixture. The separation of B and C 
has as yet not been accomplished. The 
toxicity against mice (ID,») weighing 14. 4- 
15.6 g. (intravenous injection) was as follows: 
A, 155mg./kg.; B-C, 1lmg./kg.; complex, 
14mg./kg. The respective fractions were 
active against gram-positive, -negative and 
acid-fast bacteria, the activity against Myco. 
tuberculosis 607 being of the same order as 
that of streptomycin; the activity of A was 
1/2-1/100 that of B-C and the complex, de- 
pending on the species of the strain’. 
Roseothricin gave a crystalline helianthate 
(decomp 215-8°, N, 15.51%); reineckate (de- 
comp. 185-190°, N, 22.18%) and picrolonate 
(decomp. 225-230°, C, 48.23; H, 5.63; N, 
20.34%). The ninhydrin, biuret and Fehling 
reactions were positive, whereas the Pauly, 
Tollens, maltol, Sakaguchi, Trommer, Ny- 
lander, Molisch, Folins, Hopkins-Cole, Millon 
and Bial reactions were negative'’. The 
acid hydrolysis of reseothricin complex and 
of roseothricin A both afforded two ninhydrin 
positive products, I and II, which were sepa- 
rated by the solubility differences of the 


5) Y. Saburi, J. Antibiotics, 6 (8), 402 (1953). 

6) S. Hosoya, M. Soeda. N. Komatsu, N, Hara, Y. Sonoda 
and R. Arai, Jap. J. Exp. Med., 20, 683 (1950); J. Antibiotics, 
S tas 314 (1951). 
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picrates. Compound I, C;H,,N.O., [@]j} +19.0° 
(dihydrochloride in water) was ninhydrin 
positive, but did not respond normally to 
the action of the reagent (vide infra, Ex- 
perimental) and therefore it is probably not 
an a@-amino acid. The Van Slyke amino 
nitrogen determination gave values of one 
mole of nitrogen after five minutes and 
another mole after thirty minutes (Table I). 
The Kuhn-Roth C-CH, determination and 
periodate test were negative. No absorption 
maximum was seen in the ultraviolet spect- 
rum, and the infrared spectrum of the hydro- 
chloride in nujol also suggested a simple 
amino acid structure, i.e., 3.6-4.2 4% (broad), 
5.81 (sharp and strong) 6.25 (medium), 
6.7 (weak). The pK’, values, 3.20, 9.47 
and 10.82 (10°C), indicted that one carboxyl 
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and two amino groups were present, and 
that probably a B-amino acid grouping was 
involved, the other amino group occupying 
the terminal position. The data allowed only 
two possible structures, viz., 8, e-diamino- 
caproic acid and a-aminomethyl-6-amino 
valeric acid. Two papers by American 
workers** on the elucidation of the struc- 
ture of an amino acid which had been obtained 
from streptothricin”, streptolin’*? and vio- 
mycin?” appeared at this point, and it was 
found that compound I was identical with 
the new amino acid, i.e., 8, ¢-diaminocaproic 
acid (f-lysine or isolysine). 

The infrared spectrum of roseonine (II), 


C;H,20;N,, [a@]j} +51.0° (dihydrochloride in 


water) (Fig. 1) showed besides bands expected 
for regular amino acid hydrochlorides, sharp 
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Fig. 1. Roseonine dihydrochloride (Nujol). 


absorptions at 3.02 and 5.95y; the ultra- 
violet spectrum had an end absorption and 
a low broad maximum at 262-3my (loge: 
1.22, dihydrochloride in water). Titration of 
the hydrochloride in aqueous solution gave 
pK’, values of 2.4, 9.3 and 11.9 (17°C), the 
first constant apparently arising from the 
carboxyl group, and the second and third 
from nitrogen functions. The 11.9 acidic 
constant and the 5.95y infrared band sug- 
gested the possible existence of a guanido 
group and the low ultraviolet maximum was 
also comparable with that of guanidine 
hydrochloride, 265 my (log <: 1.26, in water). 

Permanganate oxidation of roseonine at 
room temperature gave guanidine and a 


7) H. E. Carter, W. R. Hearn and W. R. Taylor, 
** Abstracts of Papers” 120th Meeting, Am. Chem. Soc., New 
York, N. Y. September, 1951, p. 3L. 

8) E. E. Smissmann, R. W. Sharpe and FE. E. van 
Tamelen, ‘‘ Abstracts of Papers’’ 121st Meeting, Am. Chem. 
Soc., Milwaukee, Wisconsin, April 1952, p. 80. 

9%) T. H. Haskell, S. A. Fusar, R. P. Frohardt and Q. R. 
Bartz, J. Am. Chem. Soc., 74, 594 (1952). 


small amount of glycine. When treated with 
periodate, it consumed one mol. of oxygen 
in 15 minutes with the formation of one 
mole each of ammonia and formaldehyde, 
which meant that one of the two adjacent 
carbon atoms bearing the hydroxyl and 
amino groups is at the end of a chain. 
Coupling this with the formation of glycine 
and the absence of a strong band in the 
region 9-10yu (infrared spectrum) usually 
associated with primary alcoholic groups, the 
presence of the grouping >C(OH)CH.,NH, 
was clearly indicated. The Van Slyke amino 
nitrogen determination revealed the existence 
of two amino groups, one of them being 
liberated somewhat slowly (vide infra, Table 
I-II). The seresults may be summarized in 
the following expression III: 


NH,—C—N< 
N CH, (No C—CH;, N—CH;) 

>C(OH)CH,NH; 

—COOH 


Ill 
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It was found at this point that the action 
of silver nitrite and subsequently hydroiodic 
acid—red phosphorous brought forth the 
remarkable conversion of reseonine into an 
imidazole derivative. Thus silver nitrite 
reacted normally to convert one amino 
group into a hydroxyl; the product IV con- 
sumed one mole of periodate with the for- 
mation of one mole of formaldehyde and it 
was natural to adopt the view (which re- 
ceived further confirmation, Table I-IV) that 
the non-guanido amino group had _ been 
replaced to give a vic-diol. Heating IV with 
hydroiodic acid and red phosphorous in a 
sealed tube gave a substance analyzing as 
C;H»N; (V); this coupled with p-diazoben- 
zenesulfonic acid to give an orange-red 
color, a reaction which is typical for imida- 
zoles possessing a free imino group and a 
hydrogen atom (or carboxyl) in positions 2,4 
or 5 (Pauly reaction). The bromine decolo- 
ration test which is negative for 2-imida- 
zolines but positive for imidazoles containing 
a free nuclear methine group was also posi- 
tive. The Kuhn-Roth determination corre- 
sponded to one C—-CH; whereas the N—CH, 
(or N—C,H;) determination was negative. 
Hence V must be 2-amino-4 (or 5)-ethylimida- 
zole. Amongst the conceivable structures for 
a compound possessing the partial structure 
III, those represented by II or VI, ie., 2- 


N-—-—C(OH) - CH2NH; 
! 
~ —COOH 
7 
H2N N 
H 
VI 


amino-2-imidazoline derivatives, were the only 
two which could afford V. The possibility of 
an open chain structure, and hence the for- 
mula C,H,,0;N, instead of C;H,2.O;N, was also 
considered, but all were excluded on grounds 
of apparent inconsistencies with data hitherto 
mentioned. The reaction sequences then 
may be formulated as follows: 


N —C(OH) - CH,0H 
AgNOz . 
Roseonine ——-——> C 7: 
HN N 
H —COOH 
IV 


N —C2H; 


The conversion of IV into V could take place 


Two Uncommon Amino Acids obtained from Roseothricin 541 


by dehydration of the side chain hydroxyl 
group, and rearrangement of the double bond 
to the more stable aromatic system and de- 
carboxylation. 

Interesting supporting evidences for the 
presence of a ring system in roseonine and 
V were obtained from comparative studies 
on the Van Slyke amino nitrogen determina- 


tion (Table I). Comparing 7 with 6 and 8 
TABLE I 
VAN SLYKE AMINO NITROGEN 
Compound Moles of N liberated 
7 min. 30 min. 
1. aw, é-Diaminocaproic acid 1. 06 2.13 
(I) dipicrate 
2. Roseonine (II) dihydro- 1.02 1. 84 
chloride 
3. Roseonine (II) methyl ester 1.04 2. 00 
dipicrate 
4. vie-Diol (IV) frorn roseonine 0. 09 0.71 
5. Compound V monopicrate 0. 23 
6. 2-Amino-2-imidazoline (VII) 0.14 0. 86 
monopicrate 
7. Arginine monopicrate 1.01 1.04 
8. 2-Amino-4, 6-dihydroxypte- 0 0. 29 
ridine (VIII) 
Ol 
N N 
C  -—OH 
H.N ~ 
H HxN N N 
VII VIII 


respectively, it may be noted that incorpora- 
tion of the guanido group into either a non- 
aromatic or aromatic ring exerts a labilizing 
effect on the guanido amino group. Thus 
the presence of a 2-imidazoline ring in roseo- 
nine was strengthened by the fact that the 
response of the guanido amino group of 
roseonine and products (2,3 and 4) was simi- 
lar to that of 2-amino-2-imidazoline, namely, 
about 0.8 mol. in 30 minutes; furthermore, 
comparison of 5 (0.23 mol.) and 8 (0.29 mol.) 
also reveal a striking similarity between the 
two compounds and hence the probable in- 
corporation of the guanido group of V into 
an aromatic nuclei. 

Of the remaining alternative structures II 
and VI, the latter was excluded on the fol- 
lowing grounds: (i) Roseonine is remarkably 
stable towards dilute and concentrated hydro- 
chloric acid and thus the functional groups 
are probably not disposed in space so as to 
permit easy dehydration leading to formation 
of f-lactone, -lactam or hydantoin-imide-(2) 
rings. These relations are satisfied in struc- 
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ture II: it may also be noted that normal 
acid dehydration involving the tertiary hy- 
droxyl group would be hindered due to the 
presence of the carboxyl and an adjacent 
positive ammonium (NH;*) group. (ii) In the 
periodate treatment, a second mole of the 
reagent was consumed after 20 hours, a be- 
havior conforming to that of serine, and 
hence apparently to that of isoserine. 

Structure II is also consonant with the fact 
that the Sakaguchi and biacetyl reactions 
were negative since it has been reported that 
N, N’-disubstituted guanidines do not respond 
to these color tests'. 


Experimental** 


I. Hydrolysis of Roseothricin.—A solution of 
5g. of roseothricin (complex or A) in 50cc. of 
20% HCl was heated in a sealed tube for 48 hours 
at 100°C. and the reaction mixture was evaporated 
to dryness in vacuo. After addition of 20-30cc. 
of water and filtration to remove some tarry 
product, two spoonfuls of Amberlite IR-4B (OH- 
form) was added and left overnight when the pH 
was 7-8. The resin was removed and to this 
there was added 6g. of picric acid under slight 
heating upon which a mixture of two picrates 
and a small amount of resinous product was de- 
posited. The mixture was warmed to bring the 
picrates into solution, and the resinous material 
was removed by filtration through cotton. The 
cooled filtrate containing yellow and orange-yellow 
picrates was gently rewarmed, when the former 
dissolved more rapidly. The supernatant was 
decanted and the separation of the two picrates 
was effected by repeating the process of dissolu- 
tion, cooling, warming and separation in the con- 
ventional triangular scheme of fractional crystal- 
lization. The yellow and orange-yellow picrates 
corresponded to that of f,é&-diaminocaproic acid 
and roseonine, respectively. Upon recrystalliza- 
tion from water, each picrate weighed about 2g. 
When submitted to paper chromatography using 
butanol-acetic Acid-water (4:1:5) as solvent, the 
picrates dissociated and each gave a single spot 
with ninhydrin, Rf 0.15 (8,é-diaminocaproic acid) 
and Rf 0.08 (roseonine). 


II. 8,é-Diaminocaproic Acid (I). Dipicrate: 
m.p. 200-1° (water). Found: C, 35.55; H, 3.27; N, 
18.19; M.W.'596. Caled. for CisHapOi,Ns (604.40): 
C, 35.76; H, 3.31; N, 18.54. Dihydrochloride: The 
picrate was dissolved in a small quantity of hot 
water and the picric acid which precipitated upon 
acidification with hydrochloric acid was extracted 
thrice with ether and the solution was concen- 
trated in vacuo. The addition of ethanol gave the 
hydrochloride which was recrystallized by adding 
alcohol to the hot aqueous solution, hygroscopic 
needles, m.p. 146-7° (water and alcohol). Haskell 
et al. report 153-5° for this derivative.» Found: 

** All melting points were determined on a micro hot 
stage, and are uncorrected. 


10) J. D. Mold, J. M. Ladino and E. J. Schantz, 7. Am. 
Chem. Soc., 75, 6321 (1953). 
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C, 33.60; H, 7.66; N, 12.96; Cl, 31.61. Calcd. for 
CsH 1sO2Ne2Cle: C, 32.88; H, 7.36; N, 12.79; Cl, 32.36. 
N,N-Dibenzoate (neutral derivative)»: The di- 
hydrochloride was benzoylated through the Schot- 
ten-Baumann procedure, and the product recry- 
stallized from ethanol, m.p. 159-60°. p-Hydrowxy- 
azobenzene-p’-sulfonate*) m.p. 243-5° (water). 
a-Amino acid test: (vide infra). 


III. Roseonine (II). Dipicrate: decomp. 237° 
(water). Found: C, 33.48; H, 3.17; N, 22.09; M. 
W. 654'D. Caled. for CisH;sOi17Ni (646.40): C, 
33.45; H, 2.81; N, 22.09. Dihydrochloride: From 
the dipicrate by conventional methods, m.p. 215 
(water and alcohol). Found: C, 27.51; H, 5.40; 
N, 21.55: Cl, 27.97. Calcd. for CgH,O;NyCle: C, 
27.65; H, 5.41; N, 21.46; Cl, 27.16. Methyl ester 
dipicrate: To a suspension of 20mg. of the di- 
hydrochloride in 3 cc. of methanol, there was 
added 0.12cc. of BF; etherate (4 mol. equiv.) and 
the mixture was refluxed gently for 5 hours. 
After the addition of 3cc. of water and picric 
acid, methanol was removed by boiling and the 
solution was left at room temperature; the forma- 
tion of the picrate was slow but the yield was 
good (35mg.), m.p. 202° (water). However, there 
were occasions when the preparation of the ester 
failed; the cause for this uncertainty was not 
fully investigated. The ester gave a positive 
ninhydrin coloration. It was very susceptible to 
acid hydrolysis. Found:C, 34.66; H, 3.40; N, 21.39. 
Calcd. for CygH200i7Nio (660.43): C, 34.56; H, 3.05; 
N, 21.22. a-Amino acid test—Reaction with ninhyd- 
rin: A solution of 33mg. ninhydrin (2 mol. equiv.) 
in 5cc. of water was added to a solution2of 26 mg. 
of the dihydrochloride in 2cc. of water and heated 
at 100°. Contrary to the behavior of usual a-amino 
acids (formation of purple precipitate), no reaction 
occurred. Hence the mixture was heated in a 
sealed tube for 3 hours at 150°, upon which ca. 
10mg. of purple brown precipitate was obtained ; 
when 2, 4-dinitrophenylhydrazine was added to the 
colorless solution a small amount of hydrazone, 
decomp. 110° resulted. However, the same two 
substances were also produced when ninhydrin 
alone was treated in a similar manner. A small 
amount of roseonine picrate was recovered after 
addition of picric acid to the filtrate of the hy- 
drazone. The behavior of 8,é-diaminocaproic acid 
was also exactly similar. 

Action of periodate: Sodium metaperiodate 
oxidized II-dihydrochloride at room temperature 
to give one mole each of formaldehyde (dimedone) 
and ammonia (titration) after 15 minutes. The 
consumption of the reagent was 1.01 mol. (15 min.), 
1.05 mol. (1 hr.), 2.32 mol. (20 hrs.) for roseonine 
dihydrochloride, and 1.15 mol. (10 min.), 1.13 mol. 
(1 hr.), 1.94 mol. (30 hrs.) for serine. Standard 
techniques were employed for these analyses. 
Similar results were obtained with periodic acid. 


Permanganate oxidation: 100mg. of II-dihydro- 
chloride and 250mg. of KOH were dissolved in 5 
cc. of water, and 120 mg. of KMnQ, in Scc. of water 

11) Obtained from the extinction coefficient by the method 


of K. G. Cunningham, W. Dawson and F. S. Spring. J. 
Chem. Soc., 2305 (1951). 
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was added dropwise with stirring over a period 
of 2 hours at 30°. After leaving for 2 hours, the 
mixture was filtered and the brown precipitate 
washed thoroughly with boiling water. The fil- 
trate and wash solution were combined, and after 
acidification, taken up to dryness in vacuo. The 
residue was extracted repeatedly with boiling 
ether, and the ether extract was left overnight 
to evaporate when a minute amount of colorless 
crystals, m.p. 126-31° (with partial sublimation ; 
m.p. depression with malonic acid) was obtained. 
Though the amount was insufficient to permit 
further purification, paper chromatography gave 
only a single spot corresponding to oxalic acid; a 
simultaneous run showed that neither malonic, 
succinic nor malic acid was present. The residue 
from ether extraction was extracted with boiling 
ethanol, leaving a white inorganic salt. Removal 
of alcohol gave a hydroscopic crystalline residue. 
An aqueous solution of picric acid was added; 
the crystals were first washed with ether and 
then recrystallized several times from water with 
addition of active charcoal; 3 mg. of yellow plates, 
m.p. 315°. No depression observed when mixed 
with authentic guanidine picrate. Found: C, 29.65; 
H, 3.13; N, 28.81. Caled. for C;HsO7Ng (288.18): 
C, 29.17; H, 2.80; N, 29.17. 

The filtrate from the guanidine picrate was 
acidified and, after extraction of excess reagent 
with ether, was concentrated in vacuo to give a 
syrupy mass. This was paper-chromatographed 
with the following solvents and in each case gave 
only a single ninhydrin positive spot undistin- 
guishable from glycine. BuOH: AcOH: H:O 
4:1:1 (Rf 0.12). BuOH: AcOH: H2xO=4:1:5 (Rf 
0.21). Lutidine: collidine: H2O=1:1:1 (Rf. 0.15). 
10% aq. acetone (Rf 0.45). Phenol: 1% ammonia= 
85:15 (Rf 0.38). 

Oxidation with Ba(MnQsy,)s also afforded similar 
results. 

vic—Diol (IV): A solution of 130mg. of II- 
dihydrochloride was treated with 154mg. of 
AgNOz (2 mol. equiv.) at room temperature for 
15 hours, and after filtration of AgCl and con- 
centration in vacuo, a syrupy mass was obtained. 
White crystals were isolated by the addition of 
alcoho! and filtration; m.p. 190° (water and alco- 
hol), yield 50mg. Periodate oxidation for 20 min- 
utes produced 0.62 mol. of formaldehyde. Found: 
C, 37.77; H, 5.62; N, 21.96. Calcd. for CsH;,04N3 
(189.17): C, 38.09; H, 5.86; N, 22.21. When only 
one mole of AgNO» was added the yield of IV 
was poor, and upon addition of picric acid, un- 
changed starting material was obtained in good 
yield. Thus removal of both molecules of hydro- 
chloric acid as AgCl seemed to be necessary for 
the satisfactory action of AgNOs. Incidentally, 
AgNOz is presumably a weaker reagent than 
HNOs» as could be seen from the fact that the s- 
amino group of histamine was converted into a 
hydroxyl by the latter but not by the former. 


Compound V: U-Dihydrochloride (130mg) was 
treated with 2 mol. of AgNOs and the product 
was worked up to give the syrupy mass as men- 
tioned above. To this there was added 0.48 cc. 
of HI (b.p. 126°) and 24mg. of red phosphorus, 
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and the mixture was heated in a sealed tube for 
8 hours at 150°. The clear colorless solution was 
separated from some tarry precipitate and after 
evaporating to dryness, water was added and 
the solution was concentrated again; the processes 
of concentration were carried out under nitrogen. 
A syrupy residue containing white crystals re- 
sulted. The crystals were separated by filtration 
and analyzed but were not further investigated, 
m.p. 168°, yield 30mg. Found: C, 1.24; H, 5.26; 
N, 9.52; ash, 30.72. The acidic syrup was neu- 
tralized with Amberlite IR-4B when addition of 
picric acid afforded 30mg. of a yellow picrate, 
m.p. 182° (water). The syrup as well as the free 
compound obtained from the picrate gave an 
orange-red Pauly test. The same picrate was 
obtained from the reaction product of one mole 
of AgNOs, but the yield was even lower. Found: 
C, 39.05; H, 3.72; N, 23.91; M.W. 356!) Calcd. 
for monopicrate, C,;H);207N,(340.25); C, 38.83; H, 
3.56; N, 24.70. 

Acid treatment: Roseonine is remarkably stable 
towards acid, and was recovered unchanged after 
heating 50mg. of the dihydrochloride with 0.6 cc. 
HCl in a sealed tube for 8 hours at 150°. 


Summary 


Roseothricin has been hydrolysed to give 
two uncommon amino acids, v7z., B,e-diami- 
nocapric acid (I, #-lysine), and 2-amino-4(or 
5)-(1-carboxy-1-hydroxy-2-amino)-ethyl-2-imi- 
dazoline (II, roseonine) as the sole ninhydrin 
positive products. 
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Heterogeneous Structure of Rayon. IV. Effect of Stretching on the Hetero- 
geneous Structure (1 


By Saburo OKAJIMA and Shigeru HAYAMA 
(Received September 16, 1953) 


In the previous papers’? the authors 46.8™pin 
determined the conditions of the peeling-off 
of rayons by the fibre-heterogeneous acety- 
lation and studied the properties of the skins 
and cores of some rayons on the market. 
Now the method has been applied to a series 
of viscose rayons prepared by a two-bath 
process in order to study the effect of the 





stretching of the rayon fiber in the second aan 
bath upon its heterogeneous structure. Fig. 1. 
a 7, immersion length being 35cm. ° 
Experiment The peripheral velocity of the first godet C was 
(1) Rayon samples.—The samples used were fixed to 46.8m./min. and that of the second one, 
a series of viscose rayons prepared from an D, was so controlled as to be able to stretch the 
ordinary factory viscose by a two-bath process yarn in the second bath to various degrees as 
in the laboratory of the Teikoku Jinken Co. The given in Table I. The yarn collected on a bobbin 
spinning was carried out as shown diagramatically R was, after being removed from R_ washed 
in Fig. 1, in which the first bath A was composed thoroughly, desulfured and bleached as_ usual. 
of 9.70% HoSO, and 0.4% Zn besides some NasSQ,, This process was carefully carried out so that 
its specific gravity being 1.25. The temperature the yarn was not stretched during the spinning 
was kept at 50+1°C and the immersion length between D and R. The details of the conditions 
was 23cm. and some of the properties of the yarns obtained 
The second bath B was hot water of 80°C, the are summarized in Tab. I. 
TABLE I 
: Periph. Degree Denier of Dry stg.. Dry elong., 
Yarn No speed of of the single r g./den ” % 
D, m./min. — stretch filament : 
Ila 16.8 1.00 6. 37 1. 000 1.54+0. 06 43.4+1.1 
IIb a 4 L.Zo 5. 09 0. 892 2.08+0. 08 24.7+0.9 
IIc 65.1 1.54 t..29 0. 807 2.68+0. 12 14.1+0.8 
IId 73.0 1. 87 3. 41 0. 753 3. 26+0. 11 11.1+0.3 
The mechanical properties given in the above weighed (Wa). A half of it was peeled-off by 
table were obtained by a test at 20°C and 65% pouring into chloroform and keeping over-night 
R.H. and the values were estimated stochastically, at 50°C, washed with water, vacuum-dried and 
the confidence coefficient being 95%. weighed again (W’). From W, W’ and Wa, Lz 
The yarn was extracted with ether for several and Lr are calculated as described in the previous 
hours, washed repeatedly with hot water (60°C) paper. 
and stored after air-drying. This sample was The other half was used for the determination 
vacuum-dried immediately before use (the weight of the acetic acid content (A%). LL, is then 
is W) and the heterogeneous acetylation was calculated from A, W and Wa. 
carried out for 3~300 hours at 60°C. The com- The amount of the peeled-off cellulose is there- 
position of the acetylation bath was as follows: fore (L,+Lz2)/W or directly L7r/W, but the latter 
Acetic anhydride 5g. is smaller than the former by about 1.5% as 
Benzene 15g. per 0.5 ¢g. sample. was shown in the previous paper and also the 
Sulfuric acid (1.84) 0.05 g. present data show the same fact. Then the 


percentages of the peeled-off shell (P-) and the 
layer dissolved during acetylation (Ps), are ob- 
tained from the above data as follows: 


After acetylating the sample to the desired 
degree it was taken out of the acetylation bath, 
washed twice with benzol and further with hot 


water (60°C). It was then vacuum-dried and (1 Lr 


P,=1- W ly = 


0.015 )?=1—(1—* 
015 )"=1 (1 “ 


1) S. Okajima, S. Hayama and K. Kobayashi, This Bulletin 
25, 271, 275 (1952). and 
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wi? 

Of course P; and Ps are given on the base of 
the original radius of the filament. 

As to the details of the experimental methods 
and the notation used refer to the previous 
papers. 


Experimental Results 


The results are summarized in Figs. 2-6. 

(1) Structural Difference between the 
Skin and the Core.—In the previous paper 
it was described that the acetylated shell of 
the fiber so degradated that it partly dis- 
persed into the acetylation bath and that 
this rate*of dispersion of the skin part was 
smaller than that of the core. This is true 
also in the present case (ref. Fig. 2). The 


> L/w 








—_A 
Fig. 2. 


relation between the amount of this loss 
(L,/W) and the acetic acid content (A) of 
the acetylated yarn is given by a broken 
line OKC. The amount of L,/W correspond- 
ing to the inflection point K—-Lx/W in Table 
II—indicates the weight percentage of the 
outermost skin. These values and the 
thicknesses estimated from them are given 
in the second and third lines of the table. 


TABLE II 
Sample IIa IIb IIe IlId 
Lx/W. % 3.3 2.5 2.0 1.7 
(Fig. 2 1.7 1.5 1.5 0.8 
2. % Cz . “om § 
ee as £8 hd eG? 


As the slopes of the lines OK and KC de- 
crease in the order from Ila to IId, the rate 
of acetylation relative to the rate of disper- 
sion of the acetylated portion increases with 
the growth of the stretching degree both in 
the skin and in the core. But the absolute 
rates do not necessarily change similarly. 

In Figs. 3 and 4 rvP, and 7(P,—Ps) are 
plotted against the acetylation time t, where 
r is the relative mean radius of each filament 
calculated from the denier, taking the denier 
of Ila as unity, so that the rate of the 
dispersion and the apparent rate of acetyla- 
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tion of Ila—IId can be compared directly, 
irrespective of the difference of their deniers. 

As seen from Figs. 3—4, an inflection point 
appears on each curve, which tells that the 


P; 





Ps) 


> r.( Py 








Fig. 4. 


outermost skin exists and that the rates of 
the dispersion and the acetylation increase 
abruptly when the skin disappears from the 
filament. This is because the structure of 
the outermost skin is remarkably dense com- 
pared with that of the core or of the transi- 
tion layer. Then the thickness of the skin 
layer is estimated also from the curve in 
Fig. 3 as shown in the fourth line of Table II. 
A good comformity between the correspond- 
ing values in the third and fourth lines 
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supports this view. 

Among Ila—IId the outermost skin be- 
comes thinner in the order from IIa to IId. 

As to the effect of the stretching of a 
rayon fiber on its microstructure, the skin 
becomes slightly denser while the core be- 
comes looser as the stretching increases, 
with an exception of IId, the structure of 
which is extraordinarily denser. 

An electronmicrograph taken by Hermans”? 
shows that a number of small pores exist 
within the outermost skin. These pores may 
be caused by the gasses evolved by the 
decomposition of viscose. Then we can sup- 
pose from the above two figures that the 
porosity within the outermost skin becomes 
the larger as the yarn is stretched the higher. 

But this generalization can not be applied 
to the case of the yarn IId, the core of 
which is thought to have rather greater 
density and smaller porosity than that of 
IIb. To this point the authors shall return 
later. 


(2) Orientation Degrees of the Skin and 
of the Core.—The relation between I’ and 
P, is similar to these of the commercial 
viscose rayons already described in the second 
report. Three parts of the structure, i.e., 
the outermost skin, the transition layer and 
the core are clearly distinguished also here 
(rf. Fig. 5). The thickness of the outermost 








eee 


Fig. 5. 


skin calculated from the inflection point (Figs. 
2—3) coincides well with that found on the 
corresponding curve as indicated by K with 
an exception of IId, whose outermost skin 
is abnormally thick. 

As to the orientation degree, both I’ of 
the skin and of the core grow almost linearly 
with the stretching degree or the difference 
between that of the skin and that of the core 
is kept nearly constant irrespective of the 
stretching (rf. Fig.6). Soif a fibre of nearly 


2) P. H. Hermans, Textile Research J., 20, 105 (1950). 
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isotropic core is prepared by extructing a 
viscose slowly into a coagulating bath and 
not drafted® or stretched, its skin seems to 
be of low orientation. That it is truly the 
case is experimentaly proved. Then the 
orientation of xanthate molecules due to the 
high velocity gradient near the spinneret 
wall is considered to be feasible, if any, or 
the orientation seems not to be fixed in the 
hydrate cellulose fibre, even when the high 
orientation may occur in the viscose. 


(3) Abnormality of IIld—As_ described 
above some properties of the filaments change 
systematically in the order from IIa to IId 
according to the degree of stretching, but 
IId often deviates from this order. 

Many studies have been carried out on the 
mechanism of the viscose spinning process. 
They are however fragmentary and the 
results obtained are not yet conclusive. In 
order to explain the above results, attempt 
is made here to consider also this mechanism 
from author’s view point. It is however 
partly a conjecture for which we hope future 
experiments will prove. 

The first change of a viscose stream ex- 
truded from a spinneret orifice into the bath 
solution is the production of the Zn-xanthate 
layer on its surface and not the direct rege- 
neration of the Na-xanthate. This layer is 
assumed to be hydrophobic compared with 
the ordinary Na-xanthate and cross-linked 
by Zn. Because of this the cellulose layer 


3) “‘Drafting’’ and “Stretching’’ are used as the same 
thing as ‘“‘Verzug’’ and ‘“ Verstreckung’’ of Kauch and 
Harms; ct. Herbert Brandenberger; Melliand Textilber., 34, 
823 (1953). 
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regenerated from this Zn-xanthate has also because of the high temperature. 

a denser structure. This is the outermost The orientation degrees of the outermost 
skin considered in this study. It is well skin and of the core are raised further by 
known that the addition of ZnSO, to the this stretching and fixed as seen in Fig. 5. 
spinning bath retards the regeneration to The stretching also accelerates the dehyd- 
follow. This is considered to be due to the ration of the core by the squeezing action, 
stability of the Zn-xanthate, the retarded but at the same time the increase of the 
penetration of the sulfuric acid (inward) and density of the outermost skin due to higher 
the enhanced osmotic dehydration of viscose stretching retards the penetration of the 
and xanthate (outward), because of the denser liquids as shown in Fig. 7. As the result, 
structures of the Zn-xanthate and of the 
hydrate cellulose layers derived from it. 

The viscose stream is drafted by the first 
godet to attenuate the filament so that the 
orientation occurs during the osmotic dehyd- 
ration. As the yarnd IJa—IId are drafted 
equally and the stretching in the second bath 
is supposed to attenuate the cross section 
uniformly, the percentage occupied by the 
outermost skin of each filament must be 
equal to each other. But the observed 
thickness of the outermost skin of the yarn 
is thinner the higher it is stretched. This 
may be due to the slippage of the yarn on 
the first godet, the actual drafting not being 
kept constant as expected. 

The drafting brings about the _ higher 
orientation of the outermost skin compared 
with that of the core, because the dehydra- 
tion of the latter is not sufficiently high to 
be orientated effectively by this drafting. 

Now in the second bath the yarn is 
stretched to various degrees and at the the actual dehydration goes through a 
same time a sudden decomposition occurs minimum point with stretching. 





— > Degree of stretching 
Fig. 7. 


Fig. 8. 
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The sudden decomposition of viscose or 
xanthate evolves gasses and brings about a 
porous structure. But the more the viscose 
or xanthate core is dehydrated, the less is 
the destruction of the structure and the 
denser is it. So the outermost skin becomes 
denser in the order from [Ia to IId, but the 
density of the core goes through a minimum 
(IIc). 

In the case of IId the dehydration of the 
core proceeds and it approaches so near to 
the state of the outermost skin, that the 
orientation of that part is fixed effectively 
similarly to that of the outermost skin and 
the apparent outermost skin becomes extra- 
ordinarily thick. The origin of this outer- 
most skin is thus dual and it can be dis- 
tinguished only by the acetylation as shown 
in Fig. 5. 

The relation between the outermost skin 
and the ordinary skin is as follows. The 
skin layer of an ordinary viscose filament 
has hitherto been recognized by metachro- 
masis. The thickness of this skin seems 
to be iarger than the authors’ outermost 
skin. According to P.H. Hermans a number 
of tiny pores exist within an outermost layer 


[Vol. 27, No. 8 
(this seems to correspond to the authors’ 
outermost skin), the pores being observed 
to grow larger toward the centre. Meta- 
chromasis is based on the distribution of 
the pore size so that the skin hitherto 
observed is thick and its thickness is de- 
pendent upon the state of the polydispersity 
of the dyes used. 

Fig. 8 indicates the skins of Ila—IId dyed 
with Oxamine pure blue B and Oxamine 
blue 4R. These skins are thicker than our 
outermost skin and the latter dye seems to 
give a thicker skin than the former. 


The cost of this research has been de- 
frayed by the Grant in Aid for Fundamental 
Scientific Research from the Ministry of 
Education, to which the authors’ thanks are 
due. The authors are also grateful to Mr. 
I. Okamura of the Teikoku Jinken Co. for 
his kind supply of the samples. 


Faculty of Engineering, Tokyo Metropolitan 
University, Tokyo, and Faculty of Engi- 
neering, Yamagata University, 

Y onezawa 


Structural Change in Some Solutions Having Structural Viscosity 


By Masayuki NAKAGAKI and Shigeo SAKATA 


(Received May 17, 1954) 


The amount of liquid flowing out in unit 
time, Q, from a capillary tube of @ in radius 
and 7 in length, is proportional to the pres- 
sure difference, P, between both ends of the 


tube. According to Poiseuille, the viscosity 
of the liquid, %, is obtained by: 
7,5=aP/Q 1) 
where, 
ee 9 
a 8/ < 


For some colloidal solutions, however, the 
viscosity obtained from this equation shows 
abnormally large value for smaller pressure 
difference. For such abnormal viscosity, 
Freundlich and Schalek"” gave an explana- 
tion of “elasticity of flow”. Wo. Ostwald”, 
on the other hand, named it “structural 
viscosity ”, considering that a net-work struc- 


1) H. Freundlich and E. Schalek, Z. physik. Chem., 108, 
AS3 (1924). 
2) Wo. Ostwald, Z. physik. Chem., 111, 62 (1924). 


ture as in jellies has been formed in such 
solutions. It was assumed that the structure 
was readily destroyed by pressure, thus 
exhibiting the usual viscosity for higher 
pressure. 

In the present report, the structural vis- 
cosity of vanadium pentoxide (V.O,) sol and 
mercury sulfosalicylate (Hg-SS) sol are meas- 
ured. Then, the structural changes of these 
sols by shaking and by the irradiation of 
ultrasonic wave are observed under the elec- 
tron microscope, and the structural viscosity 
is explained by it. 


Experimental 


V20, sol was prepared from ammonium vanadate 
by hydrolysis. 5g. of ammonium vanadate was 
put in a mortar and smeared, adding drop by 
drop 25cc. of dilute nitric acid (1 volume of 
d=1.4 nitric acid was diluted by 5 volume of 
water). Then, it was filtered by suction, washed 
with distilled water repeatedly, till the filtrate 
showed distinct red color. The precipitate on the 
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100 ce. of distilled 
The sol was aged 


filter paper was then put in 
water and stirred vigorously. 
about one month. 

Hg-SS (mercury sulfosalicylate) was prepared 
by boiling 4cc. of sulfosalicylic acid solution (con- 
taining 4g. of solute) with 2g. of yellow mercury 
oxide, stirring continuously. After the powders 
had been completely dissolved by the reaction, 
the solution was heated to dryness, and the powder 
obtained was ground. 0.3g. of powder was dis- 
solved in 200cc. of water. 

The structural 


viscosity was measured by 


Ostwald’s overflow viscometer, shown in Fig. 1. 


[| 


2L.2cm 


Ss yews ewww eee ee 

















= —_—s 
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Fig. 1. Overflow viscometer. 

A capillary tube of 21.2 cm. in length and 0.67 mm. 
in inner diameter was connected with a mess- 
pipette of 2cc. in capacity. The grade of the 
pipette from 0.0 to 2.0 corresponded to the height 
of 21.2cm. The height indicated by «x in Fig. 1 
was measured every time. It was usually 3.0- 

15cm. The time, which 0.4 or 0.2cc. of liquid 
required to flow down, was measured by stop 
watch, to calculate the mean amount of flow, Q. 
The pressure difference, P, was obtained from 
the mean difference of liquid levels. 

The Electron microscope used was the Hitachi 
HU-4 type, operated under the direct enlargement 
of 10,000—5,000 x. Plates were enlarged, 3—6 
times, photographically. If necessary, a shadow 
was cast by Cr metal. 

The ultrasonic apparatus was Shimazu P-200 
type, used under the condition of 2kV., 0.2 A. in 
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input, and output current was also 0.2 A. 


frequency was 610kC 


Structural viscosity 


Some of the results obtained for distilled water, 
V20; sol (about 0.6%), and Hg-SS sol (about 0.0497) 
are shown in Fig. 2. P,Q is proportional to the 
S 150 


~ 














10 20 30 40 50 


P(cmH20) 

Fig. 2. P/Q-P relation at 15°C. 
viscosity, as shown in Eq. (1). Curves for V20% 
and Hg-SS, therefore, show structural viscosity, 
as already known!-+), As for water, a typical 
Newtonian liquid, P/Q is constant regardless of 
pressure P. The mean value of P/Q=446 for 
water gives the @ value, using the viscosity of 
water at 15°C, y9=11.45x10-* dyne. sec./cm.?, 
x (ors) =H 0/(P/Q) =2.57 x 10- (dyne. cm./emH2O) (3) 
where cmH2,O means the pressure expressed by 
the height of the water column. On the other 
hand, using the size of capillary tube cited above, 

nat m 


@ (rate) = g =2.3x10- (dyne. cm./emH2O) (4) 
81 ° 
where the constant of gravity, g, is used to re- 
calculate the pressure to water pressure in em. 
Values of Eq. 3 and 4 are in good agreement. 
The ratio of P/Q for a specimen and for water 
is equal to the relative viscosity 7/7w. As shown 
in Fig. 3 and 5, the relative viscosity is linear to 
1/Q: 
=a+(b,/Q) (5) 
at least in the measured range of pressure. This 
relation is explained as follows. In the pressure 
? applied to the liquid, Po is used to destroy the 


4/%w 


net-work structure, and the residue is effective 
to flow: 

Pesy =P —Po (6) 
Po corresponds to the yield value. It is, then, 
assumed that the flow of broken net-work is 


Newtonian : 


3) Wo. Ostwald and M. Mertens, Kolloid-Beth., 23, 242 
(1927); S. Berkman and H. Zocher, Kolloid-Z., 42322 (1927). 
4) “International Critical Tables,’’ Vol. 5 (1929), p. 10. 
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Q=eP-s7/1,x, (7) 
yw is the viscosity of this Newtonian flow. The 
apparent viscosity, 7, is 

7=@P/Q=7y4Nn+ePo/Q. (8) 
Then, the coefficients, a and 6, in the empirical 
equation (5) are 


a YN 1Yw oe \ (9) 
b al O/hw Po 146. J 


i ee a i 1 
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Fig. 3. n/yw—-1,Q for V2O0; sol. 


V2.0, sol of about 0.6% is diluted to various 
concentrations, left alone for 2 hrs., and the 
structural viscosity is measured. ‘The results are 
shown in Fig. 3. The linear relation of Eq. (5) 
are verified. The concentration, C, is the relative 
one, assigning that of original solution (about 
0.6%) as 1. Fig. 4 shows (yv/7w) and Py obtained 
from the data of Fig. 3, as a function of C. Fig. 
la shows that 7/7 increases linearly with the 
increase of C. Assuming the concentration of the 
original solution as 0.6%, and the density of 
V20;, as 3.55), the relation. 

4,N/1,w—0.91 + 1284 (10) 
is obtained, where ¢ is the volume fraction of 
dispersed particles. The coefficient 128 is about 
51 times larger than Einstein’s 2.5. Comparing 
the fluctuation of plots in Fig. 4a and b, it is 
concluded that the yield value, Po, sensitively 
depends on the structure, or the history of the 
specimen, while the Newtonian viscosity, or the 
viscosity after the structure has been broken, 
depends a little on its history. 

As shown in Eq. (10), the relative viscosity 
becomes smaller than that of the solvent itself at 
smaller concentration. This is more clearly shown 
for Hg-SS in Fig. 5. This may be attributed to 
the slip of liquid on the surface of a capillary 
tube. The elasticity of flow will usually accom- 
pany the slip. Then, the amount of flow, Q, is 
assumed as the sum of the flow amount by 
Newtonian flow, Qy, and the flow amount by slip, 
Qs, on the surface of the tube (in this case, 
liquid is pushed out as a whole). Assuming that 
the slipping velocity at the tube surface, vs, is 


5) R. Abegg, “‘ Handb anorg. Chem.,” Vol. 3, p. 733 (1927). 
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Po(CmH20) 
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0 0.5 1.0 125 
C 
Fig. 4. 4n/7;w and Py» for V2O, sol. 
proportional to the pressure P, 
vs =kP (11 
Qs; becomes 
Qs =2a7kP (12) 
On the other hand, Qy is, using Eq. (6) and (7), 
Qx =a(P—Po)/7 (13) 


Then, the apparent viscosity 7 is obtained in the 
same form as Eq. (8) 

7 —-~@¢P/Q=71n+e@Po/Q (14) 
3ut in this case, the apparent Newtonian viscosity 
4n and the apparent yield value Py» are related 


to their real values, 7x" and P»”, by the equation: 
Po=Po(1 B) 

0 _ 

"v=Yn/(1+B) (15) 


B=7e7k) ya 
Owing to this correction factor (1+8), the ap- 
parent Newtonian viscosity 77 may become smaller 
than that of water. For example, at the infinite 
dilution of V2O; sol, 


2x /nw=n/{7w(1+B)} =0.91 (16) 


is obtained from Eq. (10). Then, f~0.10. If 


Pe ? at infinite dilution, 
Qs, Qy~0.1. (17) 


For more concentrated sol, the slip may be more 
important by its greater elasticity, but no method 
to estimate it is found. 

The effect of ultrasonic wave on the structural 
viscosity of Hg-SS is shown in Fig. 5. The time 
recorded in this Fig. show that elapsed after the 
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Fig. 5. Hg-SS after ultrasonic irradiation. 


end of ultrasonic irradiation. It is shown that the 
Newtonian viscosity begins to recover after about 
10 min., while the yield value does not recover 
yet. The net-work structure of Hg-SS seems to 
be destroyed by ultrasonic wave, but broken 
pieces soon join together to form fibers. Some 
time is spent, however, before these fibers form 
rigid knots to complete a net-work. This idea 
will be supported by electron micrographs shown 
later. The slip on the wall, however, is so great 
that a confident conclusion cannot be obtained. 


Electron micrograph 


Hg-SS has a typical net-work structure as shown 
in Fig. 6a. The net-work is built of yarns of 
about 0.1 uw in width, and the latter is a bundle 
of fibe.s of about 200 A in its thickness. After 
shaking the solution in a test tube for 1 min., the 
net-work is destroyed and dispersed to single yarn 
or to single fiber, or on the other hand, they 
aggregate to a rope of 0.3~—-1 uw in thickness. 
Letting the solution stand for about 3 min., (Fig. 
6b), the rope again disperses to reproduce a net- 
work. After 10 min., almost complete net-work 
structure has been reconstructed. By the irradia- 
tion of ultrasonic, (Fig. 6c), the net-work of Hg- 
SS is torn to pieces of 0.1—1 uw in length. When 
it is left alone for 3—10 min., broken pieces join 
together to form fibers, or further coagulaie to 
yarns and ropes. After 2.5 hrs. they reconstruct 
a complete net-work structure. 

A similar change of structure is observed also 
for VO, sol. Original sol (Fig. 6d) has a net- 


work structure, constructed from fibers of about 


100 § in thickness. By vigorous shaking, the net- 
work is destroyed and torn to pieces as shown 
in Fig. 6e, or coagulates to thick ropes of~0.1 u 
The structural changes observed above are 
favourable to explain their rheological behavior. 
Destruction of net-work structure may correspond 
to the lowering of viscosity under higher pressure. 
The recovery of the net-work structure may ex- 
plain the recovery of its viscosity and elasticity 
of flow after keeping the sol standing, and the 
in thickness as shown in Fig. 6f. After being 
left alone for 2.5 hrs. or so, they recover a_net- 
work structure again. The recovery of the net- 
work seems to take more time for V.O, than for 
Hg-SS. Irradiation of ultrasonic brings nearly 
the same effects as that by shaking. 
' | 


dependence of yield value on the history of teh 


specimen. 


Summary 


The structural viscosity of V.Q, sol is 
measured by Ostwald’s overflow viscometer. 
A linear relation is found between the re 
lative viscosity (72/2) and the reciprocal of 
flow amount (1/Q). Viscosity of Newtonian 
flow »y and yield value P, are calculated 
from it. yw and P, is nearly linearly varied 
with concentration. A decisive conclusion 
however, cannot be obtained owing to the 
slip of liquid on the capillary wall. 

Hg-SS (Hg-sulfosalicylate) sol also showed 
a linear relation between 7/7) and 1/Q. By 
the irradiation of ultrasonic wave, Ny and 
P,, decreases. %y again increases afier about 
10 min., but the recovery of P, took more 
time. A clear conclusion cannot be obtained 
due to the slip. 

Electron micrographs showed that Hg-SS 
has a net-work structure, which is broken 
by shaking or by the irradiation of ultrasonic 
wave. When it is kept standing, the net-work 
is again constructed. V.O, sol showed anal- 
ogous structural changes. 


Department of Chemistry, Faculty of 
Science, University of Tokyo, and 
Electron Microscope Laboratory, 


University of Tokyo 
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Heterogeneous Structure of Rayon. 
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V. Effect of Stretching on the Hetero- 


geneous Structure (2) 


By Saburo OKAJIMA and Shigeru HAYAMA 


(Received June 5, 


In the preceding report the effect of the 
stretching of a rayon fiber in the second bath 
upon its heterogeneous structure was studied 
making use of a series of viscose rayons. 
Now the same experiment was repeated on 
another series of rayons which were spun by 
one-bath process but stretched to various 
degrees. 


Experiment 


(1) Sample of Rayons.—The spinning was 


1954) 


also carried out in the laboratory of Teikoku 
Jinken Co. by one-bath process using an ordinary 
factory viscose. A constant volume of viscose was 
extruded through spinnerets of various orifice 
sizes and collected with an equal velocity so that 
the denier of the filament was kept constant. The 
peripheral velocity of the first godet was so con- 
trolled as to equalize it to the extrusion velocity 
of the viscose so that an equal drafting is given 
to every filaments. The details of the spinning 
condition and some of the properties of the yarns 
obtained are tabulated below. 


TABLE I 


Diam of 


No. orifice, Stretch Denier 
mm. 

Illa 0.08 1.06 119.4 

IIIb 0.085 -20 120.3 

IIIc 0.09 1.35 120.2 

IIId 0.095 1.50 119.7 


Number of 
composition: 
NagSO,, sp. gr. 


Collection velocity: 86.48 m./min.; 
holes of a spinneret: 25; Bath 
H.SO, 120 g./l, Zn 10 ¢./l besides 
1.25; Bath temperature: 50°C. 

In this spinning the spinnerets with uniform 
holes were prepared with special precautions in 
order to keep the standard deviation of the denier 
as small as And the actual standard 
deviations of the single filaments relative to the 
mean deniers were 5.8, 6.4, 7.3 and 7.6% in the 
order from IIla to IIlId. 


possible. 


The other operations were similar to those of 
the previous experiment, except that one bath- 
process was adopted in the present spinning. 

The acetylation temperature was also controlled 
but it fluctuates so much that the discussion of 
the rate of acetylation is abandoned. 


Experimental Results 


(1) The Structure of the Skin and Core. 
The relation between the loss during the acetyla 
tion (L,/W) and the acetic acid content (A) is also 
similar to that of the report (Fig. 1). 
The weight percentages of the outermost 
IIfla—IIId are 4.6, 4.2, 4.2 
or nearly constant 


previous 
skins 
) 


2, and 4.4% respectively, 
irrespective of the stretching 


and the mean depth of the outermost skin is 
estimated to be 2.2% of the total radius. The 
slope of the line of the skin part, OK, is also 


nearly constant, but that of the inner structure 
decreases as the stretching increases. This means 
that the outermost skin is of nearly equal structure 





Dry Wet 
Strength, Elong., Strength, Elong., 
g./den % g./den % 
1.43 26.2 0.64 Fw 
1.69 20.5 0.74 29.9 
2.14 15.9 0.91 20.3 
2.10 12.6 1.06 16.2 
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in each yarn but the structure within the skin 
becomes the more difficult to disperse as the fila- 
ment is stretched the higher. 

It is described in the previous paper that the 
origin of the outer most skin is related to the 
production of the Zn-xanthate. The constancy of 
this skin can be explained from this point of 
If the diameter of an orifice is 
area of each filament on 
the first godet will be k,;D?. Of course the attenua- 
filament occurs due to some complex 
factors, such as drafting, gelling, dehydration, 
etc., and the cross section can not be circular. 
k, implies these complex changes of the sectional 
area and of the form but it is nearly constant 
and independent on the value of D in the range 
of the present spinning condition. Now the 


view as follows. 
D, then the sectional 


tion of a 
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thickness d of the Zn-xanthate layer formed is in 
proportion to the square root of the immersion 
time t, during which the yarn stays in the bath, 
so that d is given by 
d=kot =k3L'*D, 

where L is the immersion length and kz and k; 
are numerical constants. Therefore d/D is in- 
dependent on the orifice diameter D. 

As the thickness of the outermost skin, which 
is derived from this Zn-xanthate layer is also 
proportional to d, and the further shrinkage of 
the cross section due to the regeneration, stretch- 
ing and drying occurs uniformly the percentage 
of the outermost skin, P;, must always be in- 
dependent of D as shown above. 


(2) Orientation.—The radial distribution of 
the intrinsic double refraction © is given in Fig. 
2. The highly stretched filament has larger r. 


sted from Le/W~A 


10° 
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—> P, 
Fig. 2. 

On the curves of r—P; three parts of the structure 
are seen as already pointed out in the second 
paper of this study. The outermost skin indicated 
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on these curves grows thicker in the order from 
IIIa to IIId and the last one appears to be of all 
skin types. But the skin which appears during 
the acetylation is a part of it as is indicated by 
a line k-k, in Fig. 2. So the outermost skin 
optically indicated as one layer is not simple but 
is composed of two layers. The inside layer may 
be caused as follows. 

Because the viscose or xanthate close to the 
Zn-xanthate skin is dehydrated so much by osmotic 
diffusion and gelates, the flow property of that 
part is so similar to that of the Zn-xanthate layer, 
that the orientation of this layer is fixed during 
the stretching of the filament and the regenera- 
tion of cellulose as effectively as in the true 
outermost skin. The dehydration and syneresis 
of this layer is further enhanced by the stretch- 
ing, so the apparent outermost skin thickens with 
the degree of stretching. For the same reason 
the destruction of the structure due to the gas 
evolution within the outermost skin is suppressed 
in the same order as actually observed in the 
acetylation. 


The cost of this research has been defrayed 
by the Grant in Aid for Fundamental Scien- 
tific Research for the Ministry of Education, 
to which the authors’ thanks are due. The 
authors are also grateful to Mr. I. Okamura 
of the Teikoku Jinken Co. for his kind supply 
of the samples. 
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Errors in Measuring the Wave-Height of Polarogram. I. 


Mathematical 


Discussion 


By Yoshikazu YASUMORI 


(Received June 16, 1954) 


Introduction 


In the polarographic quantitative analysis, 
we may know the amount of material by 
measuring the wave-height which is obtained 
after the graphical construction on a polaro- 
gram. Therefore it is one of the necessary 
conditions in the precise polarographic deter- 
mination, that the polarogram is sO taken 
that the errors of the graphical construction 
become the least possible. 

According to Kolthoff and Lingane'’, any 
tendency of the limiting current to change 
with changing applied e.m.f. is greatly mag- 
nified by the magnification of a wave and 
so when the wave is not well-developed, mere 
magnification of a wave does not necessarily 
increase the accuracy with which it can be 
measured. This discussion may hold rather 
in precision than in accuracy where the so- 
called errors are related to reliability, preci- 
sion and accuracy”. Therefore a degree of 
magnification of a wave should be selected 
in the precise polarographic analysis. In this 
paper this degree of magnification is discus- 
sed mathematically. 


Mathematical Calculation of Errors 


In order to measure the wave-height of 





Fig. 1. 


1) J. M. Kolthoff and J. J. Lingane, “‘ Polarography,’’ 2nd 
Ed. p. 328 (1952) Interscience Publishers, New York. 

2) K. Ishikawa, Kagaku-nc-Ryotki,  extra-ed. 10. 
‘Statistics for Chemists’’) pe 26 (1953). 


the polarogram ACB (Fig. 1), we may use 
various methods of graphical construction. 
This discussion holds when the line intersec- 
tion method*® treats curves. That is, tan- 
gents & and 7 are drawn through the mid- 
points of straight parts or inflexion-points 
A and B, respectively, just before and just 
after the wave, and a third tangent is drawn 
through the inflexion-point C of wave. The 
vertical distance between the two intersec- 
tion X and Y thus obtained corresponds to 
the wave-height h. 

Now, wher the voltage axis represents ab- 
scissa and the current axis ordinate, writing 
coordinates of A, B, C, X ane Y, as (a, ),), 
(as, b.), (az, bz), (x;, y,Jand (xX»,y2), respective- 
ly and putting angles at which &, 7, and € 
intersect the abscissa, w, W and @, respective- 
ly, we have 


h=f (a,, 6,, do, bs, a3, 63, 0, p, W). 1) 


But three respective variables in bracket 
of (a,;, d;, #), (a2, bs, W) or (a3, b;, 8) are not 
independent of one another and the relations 
between these variables cannot be discussed 
generally. 

On the other hand, the first procedure of 
construction is to determine (a,, b,) etc. and 
the next is to determine w etc. And, for in- 
stance, on determining (a,, b,), b, will be 





Fig. 2. 


3) D. F. Boltz, ‘Selected Topics in Modern Instrumental 
Analysis,” p. 41 (1952) Prentice- Hall, Inc., New York. 





November, 1954] 


determined after a, is fixed. Perhaps the error, 
which occurs in the determination of b,;, may 
be negligibly small, if a, is fixed. So assuming 
that b, responds strictly to a,, we have 
h=f (a, Q2, a3, 9, Y, W) (2) 

Nevertheless another assumption is needed, 
as two respective variables in a bracket of 
(a, Y), (dz, Wr) or (a;, 8) are not independ- 
ent of each other. 

That is, if a point (a,’, b,’) is found in- 
stead of the actual point (a,, b,) and a tangent 
&’ is erected instead of the actual tangent & 
let us draw through the point (a,, b,) a line 
&” in parallel with & (Fig. 2). The difference 
between the wave-height with &' and the 
one with &” (|\y,”—y,’|) shall be assumed 
as negligibly small in comparison with the 
difference between the wave-height with & 
and the one with &’ ( y,’—y,|). And the 
corresponding assumptions of (as, y) and (a;, 
0) shall be considered. With these assumptions 
the errors in determination of y, yw and @ 
contain those in determination of a,, a. and 
a, Thus writing 

h=f (0, p, W) (3) 
we may calculate the amount of error of h. 

Then, by transferring the origin to C in 
Fig. 1 and displacing the axes parallelly, the 
following equations can be obtained. 


b,° 9° : 
re tan Y=-m 
a x; 
b."— y2" 
a. =, tany=n 4) 
0 9 
Vo 
2, =.= ton 0=1 } 
a A2 


Where (a,°, 5,°), (a,", b."), (0, 0), (x,°, y:") and 
(%2", vo") are the coordinates of A, B, C, X 
and Y, respectively. 

Hence we have 


(b,° —a,°m)l 


y 0 
” l—-m 7 
0) 

yo! (b." — az*n)l 

7 l—n 
(b." ~" ( 0 o f 
h=y°—y,° 2” — ao n)l b,°—a,"m)l (6) 

l—n l—-m 


Now, assuming that the probability density 
functions of h, 0, g and Ww are all symme- 
trical, we have from the familiar formula of 
error transmission”: 

e” ( oh ) e6? + ( oh ) eg? +( Oh ) éy® (7) 
OP / \ Or / 


1) S. Miyamoto, “‘ Theory and Calculation of Error,” p. 


81 (1951) Kosei-sha, Tokyo. 
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where @é,2 etc. are the mean squares of errors 
of h etc., respectively. And from Eq. (6), it 
follows that 


oh (a,°l— 6," 


= - (1+ 7) 

Op (l—m/ 

th (a2"1 bl 4 +n) 

Ow | 

oh ( (b,°—a.°n)n _(b,°—a,°m)m \ 1+P) 
00 \ (l--n)? (l-m)? ) 


(8) 


Also the relative errors of h are more im- 
portant than the absolute errors shown in 
Eq. (7), since the comparative method is 
usually used in the polarographic quantita- 
tive analysis. From Eq. (7) the relative 
errors are given by, 


=. Ys. 2s on y 
h / h?\ oO / h?\ op 


1 / oh ) ey" 9) 
h?\ ow 


The Variation of Magnitude of Error with 
Span Voltage and Sensitivity 


When a polarogram is taken with span 
voltage p times as high and sensitivity g 
times as high as those with which the ori- 
ginal polarogram in Fig. 1 is taken, the new 
polarogram will be transformed into one of 
dimensions one pth times in abscissa and gq 
times in ordinate as great as the original. 
Let us compare the errors of construction 
on those polarograms as follows. 

That is, if the transformation is performed 
without transferring the point C, the coordi- 
nates of A and B will be (a,°/p,, gb,") and 
a."/p, qbz") respectively. Thus 


tan Pm=pqm | 
tan Wyp= pqn > 10) 
tan 0» = pql | 


where Ym, Wy», and @,, are angles at which 
after the transformation tangents &, » and 
€ intersect abscissa respectively. 

Hence from Eq. (8) we have 


Ohm _(a,"l—-b,")l 1+ p'q?m? 
OP iq (l--m)? h 


/ Oh \1+ p*q?m? 
op / p(1+m?) 
Nyy (az"1 — bz") 1+ p?q?n? 
ov m a p 


i oh \i+ fee 
Vay / pil +n’) 
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Oty, _ _f (b2°-a"n)n_ _(b,°—a,"m)m) 

8 1, ( (l—n? (l—m)? 
1+ pg’? 
p(1+ 7?) 

_{ oh ) + pq?l? 
\ 00 / pl+h 
(11) 


And in such a transformation the wave- 
height varies also. writing the wave-height 
after the transformation as hy», it follows 
that 


yg =qh (12) 


Furthermore, the magnitude of é@#, @é) and 
éy may vary. Now we assume on_ these 
variations as follows. 

) If the curvature on A, B or C of the 
polarcgram in Fig. 1 are greater, or the 
curve near such a point is linear over a 
wider range, the amount of @, éy or é% 
will not vary with the transformation. 

(2) If the curve near such a point is linear 
but the linear portion is shorter, the amount 
of @9, €» or éy will be inversely proportional 
to the length of this linear portion. 

With the assumption (1), for instance, it is 
seen that 


l (Oks a 2. 1 Oh, (1+ p%@°l?)? (13 
2\- 7 “a | 6 —. ise; 
Ian? 20 5,7 h?\. 30 retry 

And by partially differentiating Eq. (13) with 

respect to p or q, we have 


of 1 san) m | 
Op \ I? m\PA nq aici 


= fs (Sh) eo 


eS 1) 


PrPA+P) 
rs) J ] ah 9 \ 
Od \ Rug? OO nq Ctva 
1 ( oh \?, 221 + prg'l®)(piq'l? —1) 
h?\ 30 / PFA+FY 


Hence when pql/=1 (/0), Eq. (13 
minimum value. As for 


takes the 


1 ( IRyy vie 


h’ 7 OW ig las 


it takes the minimum value also, when pam 
=lor pqn=1, respectively. But if /=0, m=0 
or n=0, it takes the smaller value, with the 
increase of p and q. 


lL. foRs yet on 
Ve 4\OQy,/  °™" 
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Next, with the assumption (2), for instance, 
it is seen that 


1 (oho 7. og it f Ry 1 eer 
i Cone? = —-; (14 
hig?\9 8 nq/ a BR a0 / + §?) 
where 
» (1+ /?) m 
Cana ea- i gl? (15 
t 
and 
of 1 (Oh, a 2k 
Op \ Bh ig\ CO, J 
1 / Oh ¥ , 1+ 2pq*m?*~ ; 
ee" >0 16 
ral oO! , g?(1+ m?) 
e) f 1 /Ohy_\’ 0 2 | 
Oq \ Iayn?' 50”) aaa 
1 ( oh end 2 leo 17 


TEN OO / gil -mey J 


greater value 
takes the 


Hence, Eq. (14) takes the 
with increasing p and Eq. (14) 
smaller value with increasing of g. 

As for 


1 v5) es , 1 ( o Ryn P ” 
Com OF —— - Oyo 
Ry?\ OP oq hy? OVng 


the same relationships hold. 


Discussion 


From the above mathematical calculation, 
the relative error of hk should be minimum 
when fgl=1 or 0,,=45°, if the error in con- 
struction of the tangent through C in Fig. 1 
is more pronounced than other errors and its 
magnitude varies after the manner shown by 
the assumption (1). And if the errors in 
construction of the tangents through B and 
C are both pronounced and their magnitudes 
vary after the manner shown by the assump- 
tion (1), 1/m>pq>1/l, where 1>m or @y,> 
45°>Y, is the necessary condition for the 
minimum value of the relative error of h. 

On the other hand, when in all the errors 
the assumption (2) holds, the relative error 
of h becomes smaller, with decreasing p and 
increasing q. 

But we must remember the fact that the 
manner of variation of error of Op, etc. can 
also change with the transformation of the 
curve. 

Department of Agricultural Chemical 
Faculty of Agriculture, 
Kyoto University, Kyoto 
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IT. Practical Errors 


of Graphical Construction 


By Yoshikazu YASUMORI 


(Received June 16, 1954) 


Introduction 


In the previous work" the errors in meas- 
uring the wave-height on a polarogram were 
mathematically discussed, and it was con- 
cluded that the relative errors in graphical 
construction on a polarogram might vary 
with the transformation of the polarogram 
by the changes of span voltage and sensi- 
tivity. In this paper the practical variations 
of errors are investigated for the sake of 
comparison with the mathematical conclusion. 


Experimental 


The intersections of tangents were constructed 
by ten polarographists on the polarograms printed 
photographically with a same printing ratio (0.45) 
from variously transformed original polarograms 
which were recorded of the same samples with 
various span voltages and sensitivities. 

The original polarograms were recorded of the 
following three samples after oxygen removal 
with tne initial voltage of -0.3V vs. Hg-pool; and 





1) Y. Yasumori, This Bulletin, 27, 554 (1954). 


the span voltage and sensitivity are shown in 
Table I. 
Sample A: 


— 


1x10-'N Pb(NO3)2+2x107N CdCl 
Sample B: 1x10-*N Pb(NO3)2+1x107N CdCl. 
Sample C: 4x10-*N TICI+8x10'N CdCle 
(Each sample contains 1x107-'N KCI as an indif 
ferent salt) 


TABLE I 
NOTATIONS OF POLAROGRAMS TAKEN WITH 
VARIOUS SPAN VOLTAGES AND 
SENSITIVITIES 


Sensitivity microamp./mm. 


ee 


High Medium Low 

A 0.004 0.010 0.020 

Polarogram ip 0.006 0.015 0.030 
\c 0.008 0.015 0.030 

Span pov 00 01 02 
Voltage \lV ' 10 1 12 

: 0.5\ 20 21 22 


The polarograph used here was Sargent Model 
XXI Polarograph, on whose recorder-paper the 
1 mm.-scales on current-axis are printed and so 
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the positions of intersections of tangents could relative deviations of positions of the points from 

be read with these scales. their median to the respective wave-height and 
The tangents in polarogram A (Fig. 3 and 4) in Table 4 the mean squares of relative deviations 

and B (Fig. 5 and 6) were drawn through the of thh wave-heights from their median to the 

marked points corresponding to the _ inflexion- respective wave-height. 

points. In Table II are shown the positions of (The figures in Tables III & IV are values 

intersections, in Table III the mean squares of multiplied by 10! of the above mentioned.) 


TABLE II 
THE POSITIONS OF INTERSECTIONS 


Constructer 


Polaro- A B C D E F G H I J 


Sample Point 





gram 
00 208.1 210.8 208.1 209.0 202.9 205.0 209.3 208.6 209.0 202.3 
01 ry i 79.3 80.0 83.1 79.8 80.3 79.8 81.0 81.1 80.6 
02 18.1 19.7 aa 20.0 18.2 17.4 18.5 18.8 19.6 19,4 
10 215.0 216.4 214.4 219.8 214.2 210.9 215.0 216.8 215.2 212.5 
y 1] 86.9 90.8 89.2 91.9 89.0 88.7 89.3 89.9 90.2 88.4 
12 18, 2 18.7 9.4 50.3 50.3 19.2 18.3 19.8 19.3 19, 2 
20 214.0 222.8 214.3 VA 218.2 218.2 216.1 219.1 219. 4 220.2 
2] 98.3 07.7 97.1 100. 9 100.0 98.3 97.3 98.9 98.5 97.5 
29 7.5 7.9 7. 6 8. O 57.6 ae a ie 07.9 7.0 oY lle 
A : . _ 
00 14. 4 19.9 17.8 16.0 16.3 ee § 7.7 15.7 5.7 19,0 
01 18.8 17.9 19.3 18.6 18.3 18.2 19.7 17.3 18.7 18. 4 
02 18. 0 19. 1 18.5 18.4 18.7 18.5 18.1 iZ.o 18.0 7.2 
10 51.0 54.8 04.0 51.1 WZ 2. 4 * 18.6 30. 0 52.9 
X 1] 26.8 27.4 27.0 2a58 26.7 26.9 26.2 25.9 26. 1 21.8 
12 19. 7 18.9 19. 1 18.8 17.9 19.3 19.3 18.3 18.95 13.9 
20 55. 2 57.2 58.3 3.9 53. 4 36.3 56. 0 54.2 55.3 0.6 
21 36. 2 36. 7 36. 1 36. 0 36. 2 37.0 37.6 35. 8 a5. 5 37.0 
22 28.9 28.3 26. 3 28.3 28. 1 28. 4 28.3 28. 0 29.9 298.3 
00 174. 1 175.9 177.0 179.2 eRe 176. 0 181.2 173.5 
01 74.3 ; 74.0 76.9 75.9 73.8 76. 4 77.6 73.7 
02 37.0 3 38.5 39. 4 39. 4 39. 4 oat 39.8 7.9 
10 191.2 195. 3 192.2 198.8 191.0 191.3 194. 1 194.6 189.3 
y 11 74.0 4u2 72.4 6.2 74.1 74.0 73.8 74.8 72.9 
12 35.8 355.9 36.1 MO 385.1 36.9 35.9 36.8 35.9 
20 198. 4 196.9 195.3 199. 2 194. 4 192. 4 191.7 196.3 191.8 
21 rf 76.8 Oe 77.9 76.3 78.3 ‘ie oe 78.7 75.8 
29 37.9 37.2 38. 2 38.9 39.9 38. 6 38.2 38.8 37. 1 38.0 
B 
00 16.9 19.2 a 17.5 16.6 19, 2 50. 1 14.3 19.9 20. 1 
Ol oe 3 A 31.9 29.3 32.0 29.9 ae 29. 1 29.6 ee 
02 17.2 18.9 18.7 15.8 15.8 15.9 17.6 15. 1 16. 2 17.1 
10 86.8 83. 2 87.8 82.2 85.3 84.6 83.9 85. 1 85. 2 84.7 
\ 1] 30. } 30.1 31.8 28.3 31.8 30.6 31.0 29.0 30.5 31.0 
12 14.3 15.2 14.7 13.3 14.8 14.2 14.0 14.1 14.2 13.8 
20 85.0 80.1 86.4 82.8 84.8 84.2 83.4 78.3 83.0 sa.4 
21 4 34.9 Jaea 34.9 32.9 ae a mesa 34.1 3.4 
22 14.5 17.0 16.0 15.3 15.7 16.0 16.5 15.9 16.0 6.0 
00 175.0 176.5 158.6 180.7 187.8 166.0 eee 194.0 167.6 185.5 
01 104.2 99.9 87.2 97.1 99.7 87.0 96.8 100.1 90.0 95.9 
02 59.0 58.8 15.9 60.0 54.9 63.3 62.1 36.2 55.2 55.0 
10 173.8 174.8 155.1 180.9 164.0 166.2 169.5 179.0 184.1 153.4 
Y 1] 96.0 97.2 88.8 97.4 96.0 89.9 95.0 97.8 104.0 91.0 
12 55.8 55.8 5.5 55.1 54.0 53.9 33. ( 54.5 58.9 56.0 
20 151.4 170.0 164.1 181.8 168.8 172.1 169.5 178.2 178.0 165. 1 
21 88.8 100.9 98.6 101.9 94.4 103.0 94.1 95.9 99.8 92.2 
22 53. 4 57.0 54.2 56.9 59.1 SY fe 57.0 ae 4 55.0 55.3 
C : jai ‘ 
00 So.7 7 34.3 31.8 32.4 32.4 33.0 32.4 31.4 ee 
01 Wf 25.0 25.6 23.4 yo 24.7 24.4 24.7 24.9 24.8 
02 21.4 20.7 21.9 20.8 20.9 20.7 20.7 21.7 21.1 21.3 
10 10.1 10.1 4 10.0 11.9 10.0 10.8 38.8 10.9 10.0 
xX 1] 25.2 25.9 26.6 26.3 26.2 26.8 26.4 23.2 26.3 26.4 
12 20.6 21.4 20.5 20. 1 21.4 yt eg 21.4 20.6 3 Oe 5 
20 36.0 36. 4 a 34.7 34.5 35.3 39.1 a0] 34.4 35.6 
2) 23.2 21.2 26.7 26.5 28.3 27.1 28.2 re ie ie | i 
22 22.4 21.0 21.9 21.6 20.7 21.0 21.9 5 ps A 0.6 
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TABLE III 
THE MEAN SQUARES OF RELATIVE DEVIATIONS OF POSITIONS OF POINTS FROM TMEIR MEDIANS 


Sensitivity 


Span , . ‘ " 
Voltage Sample High Medium Low Sum 
4 X = X Y X = X 
r A a 0.98 .08 2.62 8.01 3.33 15.90 7.13 
3V q B 3.50 2.76 11.56 5.95 24.80 30. 47 39. 86 39.18 
C 78.3 0.17 62.1 0.74 126.3 1.39 302.7 2.30 
os ae 1.96 1.28 4.4] 0.83 3.29 2.69 11.66 1.80 
1V : B 5.995 2.02 6. 40 5.06 9.18 5. 48 21.53 12.56 
Cc 54.9 0.40 38.2 0.61 32.1 3.10 125.2 4.11 
( A 2.79 0.85 a 30 1.10 1.2 0.79 7.64 2.74 
0.5V 4 B 5.29 6.15 6.60 6.71 12.67 8.29 24.56 21.15 
C 37.7 L230 38.4 0.77 23.4 3.20 101.4 2.18 
A 8.06 3.11 12.49 4.55 14.65 7.01 35.20 14.67 
Sum if B 14.74 10.93 24.56 Mute 16.65 14.24 85.95 72.89 
\ c 170.9 1.79 138.7 ye 219.7 7.69 929.4 11.59 
TABLE IV more overwhelming with decreasing span 
THE MEAN SQUARES OF RELATIVE DEVIATIONS voltage. For the errors of Y and X caused 


OF WAVE-HEIGHTS FROM THEIR MEDIANS 


: Sensitivity 
Span . 


Salem Sample 
roe High Medium Low Sum 
3y i.” 4.54 6.35 12.53 23.42 
= + 82.8 67.1 191.0 340.9 
iV fA 4.04 5.43 13.91 23.38 
ks 61.9 35.2 29.9 127.0 
oa 5 A 184 6.55 7.02 18.41 
(US 44.9 16.4 36.2 127.5 
R a. 13.42 18.33 33.46 65.21 
ne oe a. | a). ae 595.4 


Discussion of the Results 


(1) Polarogram A. — (a) Intersection Y. 
The values of respective sums in Table III 
become smaller with increasing sensitivity 
and cecreasing span voltage. So this result 


is coincident with the mathematical result 
obtained with the assumption (2) in the 
previous paper. But in the high level of 


sensitivity and the low level of span voltage, 
this is not valid. In these levels the errors 
appear not to vary after such a manner that 
the assumption (2) alone holds. 

(b) Intersection X. The values of the res- 
pective sum in Table III varies after the 
same manner as in (1, -a). But this is not 
valid in each level except the low level 
of sensitivity and the high level of span 
voltage. In this case, as each value is so 
small that the error in reading of the inter- 
section may not be ignored, this result can- 
not be compared with the mathematical 
result. 

(c) Wave-height (h). The values of res- 
pective sums in Table IV become smaller 
with increasing sensitivity, but they are not 
so affected by the change of span voltage. 
The cause for this seems to be, that the 
effect of error és on construction of tangent 
through a inflexion-point of wave becomes 


by €@ are not independent of each other. If 
the errors of Y and X are independent of 
each other, the sum of these errors in a 
certain sensitivity and span voltage in Table 
III will be equal to the error of wave-height 
in the corresponding sensitivity and span 
voltage in Table IV’, but if these errors are 
not independent of each other and further 
errors of Y and X are of the same sign, the 
sum of these errors will be smaller than the 
error of wave-height. It is obvious that the 
effect of error eg becomes more pronounced 
with decreasing span voltage, when the 
values in Tables III and IV are compared 
with each other on this standpoint. 

(2) Polarogram B.— Polarogram B has 
almost the same wave-form as Polarogram 
A but its inflexion-points have not been 
marked on it previously. 

(a) Intersection Y. The values of res- 
pective sums in Table III become smaller 
with increasing sensitivity, but they are not 
so much affected by the change of span 
voltage. And each value is greater than 
the corresponding value in Polarogram A. 
Perhaps the magnitude of error on construc- 
tion of tangent may not vary after such a 
manner as discussed mathematically pre- 
viously, where the point is not fixed, through 
which the tangent is to be drawn. The 
error of construction without the fixing of 
a point is greater than with the fixing of a 
point and this tendency becomes’ more 
effective when the span voltage and sensi- 
tivity are low. 

(b) Intersection X 
to (2, -a). 

(3) Polarogram C. (a) Intersection Y. 
The values of respective sums in Table III 


The result is analogous 


2) P.G. Hoel, “ Introduction to Mathematical Statistics,’’ 
(translated into Japanese by G. Taguchi) Kagaku-Shinko-Sha 
(Tokyo) (1950) p. 159. 
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become smaller with decreasing span voltage, 
but the effect of sensitivity is irregular. 
And the result in the medium level of span 
voltage is coincident with the mathematical 
result with the assumption (1), where the 
error in construction of a tangent along the 
curve just after the wave, is more remark- 
able. Nevertheless, the results in other levels 
of span voltage are inconsistent with the 
mathematical result with the assumption (1). 
In the high level of span voltage, the error 
in construction of a tangent through the 
inflexion-point of a wave may become more 
predominant with decreasing sensitivity. 

(b) Intersection X. Each value in this 
case is so small that it may be nonsense to 
discuss this result with the above mathe- 
matical result. 

(c) Wave-Height h. When the correspond- 
ing values in Table III and IV are compared 
with each other, it will be found that the 
error of wave-height is affected mainly by 
one of intersections (Y), but where the span 
voltage is low, by both intersections (Y 
and X), which are not independent of each 
other. 


Summary 


When the construction of tangent 7 on 


Studies on Dimethylglyoximo-cobaltIII) Complexes. 
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the curve just after the wave in a poralo- 
gram is more difficult, but the construction 
of other tangents are less difficult, it is con- 
cluded as follows. 

In the case that the construction of 7 is 
a little more difficult, a polarogram with 
high sensitivity is desirable in order to 
minimize the relative error in measuring the 
wave-height. And here low span voltage is, 
to some extent, effective, but a polarogram 
too enlarged in abscissa is_ ill-conditioned. 
Next, in the case of the very difficult con- 
struction of 7, the relative error of wave- 
height is minimum, when a polarogram is 
taken with lowered span voltage, in which 
the slope of a tangent is tan 45°. Here the 
error is not always minimum if the polaro- 
gram is recorded with lowered sensitivity. 

The author wishes to express his hearty 
thanks to Prof. I. Tachi for his kind en- 
couragement. The authors’ thanks are also 
due to the members of the Polarographic 
Group in the Faculty of Agriculture, Kyoto 
University for their kind help in the 
construction. 
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University, Kyoto 


I. The Preparation 


and Some Properties of Tris-(dimethyl glyoximo)-cobalt II) 


By Akitsugu NAKAHARA 


(Received June 21, 1954) 


Introduction 


Since the work of Tschugaeff'? a number 
of dimethylglyoximo-cobalt(III) complexes 
have been prepared, but the complex‘!com- 
pound having three ions* of dimethylglyoxime 
about a cobalt atom has never been described. 
Mann”? has pointed out that chelating groups 
fall into two classes: (a) those that can fill 
all six co-ordination positions, e.g., ethylene- 
diamine, oxalate radical etc.; (b) those which, 
while capable of filling four positions in the 
quadri-co-ordinate complex, cannot fill more 
than four-co-ordination positions when in- 

1) L. Tschugaeff. Z. anorg. Chem., 46, 144 (1905) ; Ber., 

39, 2692 (1906) ; 40, 3498 (1907); 41, 2226 (1908). 

2) F. G. Mann, J. Chem. Soc., 1933, 412; H. J. Emeleus 

and J. S. Anderson, ‘‘Modern Aspects of Inorganic 


Chemistry,’”” 2nd ed., George Routledge and Sons, Lid. 
London, (1952), p. 125 


troduced into the sexa-co-ordinate complex. 
Dimethylglyoxime was cited by Mann as the 
typical example of the latter case. Thus it 
has been a definite opinion that the synthesis 
of tris-(dimethylglyoximo)-cobalt(III) cannot 
be reached or at least is very difficult*®. 
This concept, however, has perfectly been 
overthrown since the present author has 
succeeded in preparing this pending com- 
pound by a quite simple method. The present 
paper deals with the method of preparation 
and properties of this new compound, with 
some discussions concerning the process of 
the complex formation. 
3) L. Cambi and C. Coriselli, Gazz. chim. ital., 66, 91 
(1936) - 
* The following symbols are used: the ion of dimethyl- 
glyoxime (DH), CHsC(NO) C(NOH)CHs; the undissociated 


molecule of dimethylglyoxime (DH), CHsC (NOH) C 
(NOH)CHs. 
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Experimental 


The Preparation and _ Identification.—The 
preparation of tris-(dimethylglyoximo)-cobalt(III) 
was performed as follows: Six grams of dimethy]- 
glyoxime was completely dissolved in 60ml. of 
hot water containing 6g. of potassium hydroxide. 
After the solution was cooled to 40—50°C, Sg. of 
crystalline cobaltous nitrate hexahydrate was added. 
The mixture was shaken vigorously and thor- 
oughly, and to this 12ml. of 50% acetic acid was 


poured. Then the air was bubbled vigorously 
through the reaction mixture for about three 
hours. Beautiful orange-yellow acicular crystals 


gradually were deposited. The mixture was al- 
lowed to stand for several hours, and then was 
filtered by suction. The crude substance was re- 
crystallized from water containing a small amount 
of acetic acid. Four grams of pure substance 
was yielded. 

In place of potassium hydroxide and cobaltous 
nitrate in the above described procedure, sodium 
hydroxide and cobaltous chloride, respectively, 
can also be used. Therefore, it will be concluded 
that the resulting products have nothing to do 
with K* and Nat or NO™; and Cl-. In fact, the 
products did not show any reaction characteristic 
of those ions. Nevertheless, if the product were 
not the uncharged complex molecule, the compound 
would necessarily have H* or OH~ as the external 
ion of the complex radical, and the aqueous solu- 
tion of the compound would have to show, simi- 
larly to the case of H;O*[Co(DH)(NOz)s2}- or 
[Co(NH3)o(DH)z2]* OH-, considerably strongly acidic 
or basic property, respectively. The present 
compound, however, was found to be neither 
acidic nor basic. In consequence, it was concluded 
that the product is an uncharged complex molecule. 
The results of analyses were as follows: Co, 
12.90; C, 32.51; H, 5.98; N, 18.80; H2O, 9.75 
Calcd. for [Co(DH)3]- 2.5 HzO: Co, 13.12; C, 
32.08; H, 5.83; N, 18.71; H2O, 10.02%. 

Furthermore, as far as the valency of cobalt is 
concerned, it is reasonably considered to be 
tervalent since the cobaltous salts in general are 
very easily oxidized in the presence of glyoximes 
to cobaltic complexes”. 

Thus it was finally decided that the present 
substance surely corresponds to the tris-(dimethyl- 
glyoximo)-cobalt(III) [Co(DH);]- 2.5 HeO. 

Measurements of the Absorption Spectra.— 
The absorption spectra of the complex and its 
ligand, dimethylglyoxime, were determined at 
room temperature with a Beckman Model DU 
quartz spectrophotometer. The results are shown 
in Fig. 1. The concentrations used were 1/10°— 
110° and 1/10?—1/10* mol./l., in (a) and (b), re- 
spectively. While the measurement of dimethyl- 
glyoxime was made in alcoholic solution, that of 
the complex was made in aqueous solution for the 
purpose of comparison with the data obtained in 


1) I. Tschugaeff,’ Ber., 41, 2228 (1908); J. Russ. Ges. 
chem.|, 41, 1366 (1909); 41, 218 (1909); 2. anorg. Chem., 
46, 163 (1905): Gmelins Handbuch d, 
\uflage, S8B, 276, 324 (1930) 

5) L. Cambi and C. Coriselli, Gazz. chim. ita!., 66, 81 
(1936) ; Chem. Abstr., 30, 8158 (1936). 


anorg. Chem., 8. 
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bis-(dimethylglyoximo)-derivatives. Molar extinc- 
tion coefficients € were calculated from the familiar 


equation ¢= xlogio (Io/I), where c is the con- 


1 
ed 
centration of the compound in mol./l., 
thickness of the layer in cm. 

Description of the Properties.—The clear 
acicular crystals of tris-(dimethylglyoximo)-cobalt 
(III) obtained by successful recrystallization are 
orange-yellow or brownish-yellow. The _ bright- 
yellow coloured opaque fibroid crystals which we 
very often encounter are impure. The pure 
crystal is quite stable in the atmosphere, and 
hardly ever decomposes below 200°C. It is some- 
what soft to the feel in comparison with ordinary 
inorganic complexes. This is probably attributable 
to the feeble intermolecular forces, which are 
possible in the spherical compound surrounded by 
many methyl-groups. It is soluble in water, 
alcohol, chloroform and dioxane, and insoluble in 
benzene and acetone. In concentrated acetic acid, 
it decomposes on dissolution. 


and d the 


Wave-length, my 


500 400 300 250 
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Frequency, vy, (10'* sec) 


a 


‘ig. 1. Absorption spectra of: (a),  tris- 
(dimethylglyoximo)-cobalt(III) in aqueous 
solution; (b), dimethylglyoxime in al- 
coholic solution, and (c), bis-(dimethyl- 
glyoximo)-diammine-cobaltic chloride in 
aqueous solution. 


Discussion 


The Absorption Spectra.—The absorption 
curve, (a), has only one maximum in the 
spectral region from 50 to 130 10'*/sec., and 
is quite monotonous. This will probably be 
due to the large and complicated specific 
absorption bands® of ligands, dimethyl- 


6) R. Tsuchida, and M. Kobayashi, This Bulletin, 13, 471 
(1938) ; R. Tsuchida, ibid., 13, 442 (1938); 13, 388 (1933). 
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glyoxime. Although bis-(dimethylglyoximo)- 
cobalt(III) complexes’? show similar absorp- 
tion curves on the whole, they differ con- 
siderably from the present curve, (a). As is 
clear from Table I, tris-(dimethylgyloximo)- 
cobalt(III) has the absorption maximum at 
113 x 10'*/sec., while the maxima of bis- 
(dimethyvlglyoximo)-complexes are observed in 
the region from 121.5 to 123x10'*/sec. In 
other words, the former is bathochromic to 
the latter. Also with respect to the molar 
extinction coefficients the former is hyper- 
chromic to the latter as shown in Table I. 


TABLE I 
ABSORPTION MAXIMA FOUND IN THE 
SHORTER WAVE-LENGTH 


absorption maxima 
Complexes 


Ymar- log € mar. 
[Co(NH)2( DH] )2JC] - 5SH20 123.0 1.41 
[Co(NH:)(DH)2C1] 122.0 1.38 
[Co(DH )o( NOz)o INH, - H2O 122.0 1.44 
[Co(NH;)( DH )o( NO2)] 123.0 1.40 
[Co(H20) DH )o(NOz)] 121.5 1.4] 
[Co(DH)z]- 2.5 H2O 113.2 1.50 
Dimethylglyoxime 130.4 1.20 


It has long been known that the specific 
absorption bands are usually shifted batho- 
chromically and hyperchromically with an in- 
creasing number of the concerned ligands.” 
If the present absorption band is assumed to 
be the specific absorption band of dimethyl- 
glyoxime, the relation between the absorption 
maximum of tris-(dimethylglyoximo)-complex 
and that of bis-(dimethylglyoximo)-derivative 
agrees with the above mentioned empirical 
rule. Moreover, judging from the curve in 
the longer wave-length, dimethylglyoxime 
seems probably to precede, at least, ethylene- 
diamine in the spectrochemical series.®» That 
is to say, dimethylglyoxime is a considerably 
hypsochromic ligand. The details concerning 
the absorption spectra of the dimethylgly- 
oximo-cobalt(III) complexes will be reported 
later.” 

Stabilities of Dimethylglyoximo-com- 
plexes. —According to Nakatsuka and 
Iinuma,” two ions of dimethylglyoxime in the 
bis-(dimethylglyoximo)-diamine-cobalt(III) 
complexes generally have a strong tendency 
to form the planar configuration. Certainly, 
this opinion is supported by many chemical 
evidences. For instance, it is necessary to 
assume such a strong tendency characteristic 
of dimethylglyoxime, in order to elucidate 

7) H. Kuroya, J. Inst. Polytech., Osaka City Univ., 1, 

No. 2, Ser. C, 11 (1950), 

8) To be published later. 


9) Y. Nakatsuka and H. linuma, This Bulletin, 11, 48 
(1936). 


the reason why any pair of geometric isomers 
of those complexes has never been obtained, 
while it is capable of isolating cis- and trans- 
isomers for the bis-ethylenediamine- or bis- 
oxalato-complexes. The distinguished  sta- 
bility of planar co-ordinated bis-(dimethyl- 
glyoximo)-derivative can be recognized also 
in the fact that any type of complex radical 
other than the bis-(dimethylglyoximo)-deriva- 
tive has never been prepared for the last 
five decades. Although no paper concerning 
the origin of this characteristic has ever been 
published, it may be considered that O—H—O 
hydrogen bonds in the planar configuration 
as shown in Fig. 2 are necessarily concerned 


O--- H--9 
/ \ 
le atl ‘i Pd So 7 


| Co | 
c Ne! 


cm Sy 
\ / 


HC 
O-- H-- 0 
Fig. 2 Planar bis-(dimethylglyoximo)- 
cobalt(III)-complexes with O—-H—O hyd- 
rogen bonds. 


mi CH 


in the distinguished stability of those com- 
plexes.* This is probably because such a 
kind of hydrogen bond in bis-(dimethylgly- 
oximo)-nickel(II) was demonstrated recently 
by Godycki and Rundle from the standpoint 
of X-ray analysis,’ and directly by means 
of the measurement of infra-red absorption 
spectrum.' The existence of the above 
mentioned O—-H—O hydrogen bonds in the 
cobalt(III) complexes will be expected re- 
asonably from the evidence obtained in the 
nickel complex. If it proves to be the case, 
we can estimate this energy of hydrogen bond 
at several kilocalories per mol. from a large 
number of data.'2> Since there are two hy- 
drogen bonds in one complex radical, the 
energy of at least 10—15 kilocalories will be 
expected per mol. On the other hand, so 
far as the ordinary cobalt(III) complexes are 


10) L. E. Godycki, R. E. Rundle, R. C. Voter and C. V. 
Banks, J. Chem. Phys., 19, 1205 (1951); L. E. Godycki and 
R. E. Rundle, Acta Cryst., 6, 487 (1953). 

11) R. E. Rundle and M. Parasol, J. Chem. Phys., 20, 
1487 (1952). 

12) See, for example, S. Seki, Chem. and Chem. Ind. 
(in Japanese), 6, 2226—2227 (1953). 

* On the contrary, the opinion that the origin of the 
tendency towards the planar configuration may be attributable 
to the z-electrons in the conjugated double bond system is 
out of the qnestion, since tris-(dipyridyl)- or tris-(phenanth- 
roline)-complexes generally are readily synthesized. 
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concerned, heats of formation are about 30 

50 kcal/mol.'*’ (Table Il). Thus it may be 
supposed that the present O -H--O hydrogen 
bonds in the planar configuration contribute 
to a considerable degree towards the complex 


TABLE II 
HBAT OF FORMATION OF COBALT(IIT) 
COMPLEXES 


Heat of 

Complex ions formation 
keal. 
[Co( NH3)5}* 51.9 
[Co(NH;),(NO»)P* 53.1 
[Co( NH:);Cl) P* 11.7 
[Co( NH:;);(H»2O) }* 15.0 
[Co(NH:)(NOz)2¢4? }* 53.1 
[Co(NH.;)(NOz)265? 33.9 
[Co( NH:)sCl¢ 4? F 32.0 
[Co( NH;);Cloé}? 30.2 
[Co( NH;)(NOs)Cleg? j* 19.3 
[Co( NHz)(H2O0)(NO.) 2? F+ 15.6 
[Co( NH:2)¢NOz),] 47.0 
[Co( N Ov); }* 28.1 


formation. The origin of the strong tendency 
towards the planar configuration charac 
teristic of dimethylglyoxime will, there- 
fore, be found in the above’ described 
O--H--O hydrogen bonds. It is then quite 
natural that the synthesis of tris-(dimethy] 
glyoximo)-cobalt(III) should be very difficult 
in the ordinary conditions, since’ the 
planar bis-(dimethylglyoximo)-derivatives are 
exceedingly stable. The method of prepara- 
tion of tris-(dimethylglyoximo)-cobalt (III) 
suggested by the present author, however, 
is compatible with the above conclusion. 
Namely, in this condition, the O -H--O hy 
drogen bonds are interrupted by potassium 
hydroxide in the process of the complex 
formation. In such a condition, three ions 
of dimethylglyoxime will be able to co-ordi- 
nate to a cobalt atom, quite similarly to the 
ethylenediamine or oxalate radical. And it 


13) K. B. Yatsimirski and L. L. Pankova, J. Gen. Chem. 
U. S. S. R., 18, 2051 (1948); 19, 617, 623 (1949); Chem 
Abstr., 43, 2855, 7805, 7806 (1949); 44, 7701 (1950). 
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may be supposed that the formation of the 
original form of the product already is fin- 
ished before acetic acid is poured. This as- 
sumption is supported by the fact that the 
synthesis of tris-(dimethylglyoximo)-cobalt(IIT) 
is unsuccessful if acetic acid is poured on at 
the beginning. At any rate. the reactions 
adopted by many investigators differ in the 
starting form of dimethylglyoxime from the 
present method; i.e., in the former dimethyl- 
glyoxime exists as a molecule and in the 
latter as a bivalent anion. 


Summary 


Tris-(dimethylglyoximo)-cobalt(II]) was new- 
ly synthesized by making use _ of dipot- 
assium dimethylglyoximate. The crystals are 
quite stable in the atmosphere similarly to 
other so-called luteo-complexes, and orange- 
vellow in color. It is soluble in organic sol- 
vents, e.g., chloroform, alcohol and dioxane, 
as well as in water, but insoluble in benzene 
and acetone. 

The absorption spectrum of this compound 
in aqueous solution was measured, and it 
was concluded that dimethylglyoxime is a 
considerably hypsochromic ligand. 

Some discussions concerning the stabilities 
of  bis-(dimethylglyoximo)-cobalt(Il]) | com- 
plexes were given and they reached the 
following conclusions: (1) the distinguished 
stability of bis-(dimethylglyoximo)-derivatives 
is probably due to the O -H—O hydrogen 
bonds which are expected for the planar con- 
figuration of two dimethylglyoximic ions, and 
(2) the synthesis of tris-(dimethylglyoximo)- 
cobalt(III) can be successfully achieved only 
by interrupting the formation of those hy- 
drogen bonds in the course of co-ordination 
of the ligands. 

The author wishes to express his sincere 
thanks to Prof. R. Tsuchida and Dr. S. 
Yamada for their guidance and encourage- 
ment throughout this work. This study was 
supported in part by a grant from the Min- 
istry of Education. 
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A New Type Mercury Electrode for 
Polarography 
By Yuzo YASHIRO 
(Received May 28, 1954) 
A new type mercury electrode has been 


designed for polarography. As shown in 
Figure 1, this electrode has a pin hole of 
which the diameter is so small that the 
mercury does not drop through the hole due 
to the large surface tension of mercury. The 
mercury is always kept on a suitable con- 
stant head level and poured at a slow steady 
speed. This electrode retains many of the 
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advantages of conventional procedures and 
has about the same sensitivity as compared 
with the dropping mecury electrode. The 
polarograms obtained by using this electrode 
are very smooth and the residual currents 
have noticeably less slope than those of 
Heyrovsky-Forejet’s streaming mercury elec- 
trode.'» For instance, the polarograms of air- 
free 0.1N KCl solutions containing 5x10-*m 
CdCl, and gelatin as a maximum suppressor 
give an experimental relation h=45 A+0.02, 
where f/ is the wave-height(wA) and A is the 
sectional area(cm’) of a pin hole of this type 
electrode. The residual currents, however, 
are always about 0.05yA at 0.6 V in the 
above Cases. 

If a pair of this type electrode which has 
the same characteristics are used in a 
polarographic circuit, the residual currents 
may be almost completely eliminated. (The 
one electrode is immersed in the solution 
containing samples to be analysed and sup- 
porting electrolytes and the other electrode 
is immersed in the solution containing 
porting electrolytes only.) 


sup- 


Thus, the electrode of this type will be 
well applied to the oscillographic polaro- 
graphy, the derivative and differential polaro- 
graphy, the potentiometric plot polarography, 
the amperometry and so on. 


1) Z. physik. Chem., 193, 77 (1943). 
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A Cytochrome and a Green Pigment of 
Sulfate-reducing Bacteria 


By Makoto IsHimorto, Jiro Koyama and 
Yutaka NaGal 


(Received July 31, 1954) 


Some strains of sulfate-reducing bacteria, 
isolated from paddy fields, were found to 
contain a cytochrome-like red pigment and a 
green one in spite of their strictly anaerobic 
character. In cell suspension, the cytochrome 
was reduced by molecular hydrogen or by 
formate, which are the proper metabolites of 
the bacteria’, and oxidized by sulfate, sulfite 
or thiosulfate. So they seem to behave as an 
intermediary carrier of hydrogen in sulfate 
reduction in a manner similar to usual 
cytochromes in aerobic organisms”. The 
presence of the cytochrome and the green 
pigment was reported recently by Postgate” 
in other strains of sulfate-reducing bacteria, 
but he did not notice the oxidation of the 
cytochrome by sulfate. 

Both pigments could be easily 
after being made soluble by 
cells of the sulfate-reducing 
quartz sand or alumina. A _ preparation of 
the green pigment, almost free from the 
cytochrome, was obtained as precipitate from 
the saline extract, previously treated with 
0.1m manganese chloride, by addition of its 
half volume of acetone. The cytochrome, 
free from the green pigment, was extracted 
with m/15 disodium phosphate from the re- 
sidue of the ground cells, which had been 
treated three times with saline. Their absorp- 
tion spectra determined by Beckman spectro- 
photometer, Model DU, are indicated in Fig. 
1 and 2. 

The cytochrome has absorption maxima at 
553 mp, 524 my and 420 my in reduced form 
and at 528 my and 410 my in oxidized. The 
absorption bands did not change by the addi- 
tion of cyanide or carbon monoxide. The 
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Fig. 1. Absorption spectra of the cyto 


chrome of sulfate-reducing bacteria. 
Continuous line: reduced form. 


Broken line: oxidized form. 
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z spectra of the green 
pigment of sulfate-reducing bacteria. 
before reduction. 

after reduction. 


Fig. 2. Absorption 
Broken line: 
Continuous line: 


autoxidizable. This 
cytochrome resembles fairly well cytochrome- 
b, in respect of the absorption spectra”, but 
differs from it in autoxidizability and redox 
potential. rH, of the cytochrome of the 
sulfate-reducing bacteria falls in between 9.3 
when measured by Ball’s method”. 

The green pigment had absorption maxima 
it 680 my, 590 my and 410myp, which were 
not affected by reduction, but shifted by the 
addition of pyridine to 590 my and 555-545 
my. This pigment seems to be also a hemo- 
protein. 


reduced form was 


ind_ 5.7, 


1) XM. Ishimoto, J. Ko , ‘I 


Biochem. (Tokyo), 41, 

2) M. Ishimoto, J. Koy 
chem. Soc., 26, 394 (1954). 

3) J. Postgate, Biochem. J., SG, x4 (1954). 
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4) F. Egami, M. Itahashi, R. Sato and T. 
Biochem. (Tokyo), 49, 527 (1953). 
5) E. G. Ball, Biochem. Z., 295, 262 (1938). 
Department of Chemistry Faculty of 
Science, Tokyo University 


Mori, J. 





A Semi-empirical Approach to the Self 


consistent Molecular Orbitals 
By Hideo Kon 


(Received August 12, 1954) 


The semi-empirical ASMO method proposed 
recently by Pariser and Parr’ presents a way 
to calculate the transition energy of a variety 
of z-electron without much labor 
in conformity with experimental results that 
is rarely to be found in this kind of calcula- 
tions. One of the essential points of the 
method is to alter the values of Coulomb 
repulsion integrals atomic orbitals by 
computing (pp pp) through the empirical ioni- 
zation potential and electron affinity values 
of the atom p and by computing (ppl\qq) as 
the electrostatic interaction between’ the 
uniformly charged spheres. 

It is of some interest to reflect this reason 
able revision of integral values on the form 
of molecular orbitals. One way might be to 
to the iterative procedure of Rootha 
an’, by Pariser and Parr’s 
semi-empirical scheme into the former. Inthe 
present letter, the above mentioned idea is 
applied to the simple oxygen containing mole- 
cules (formaldehyde and glyoxal) as to which 
Pariser and Parr’s 


systems 


over 


resort 
incorporating 


no account was given in 
article. 

The best set of coefficients (ci) in a mo- 
lecular orbital (di linear 
combination of atomic orbitals (X,), 


pi yi? am 


expressed as a 


is obtained by the iterative solution of a set 
of homogeneous equations derived by 
Roothaan, with the overlap integrals Sj, be 
ing replaced by 6, 

SjoaAlL, O tt 0, 

q 
O, being Kronecker’s delta. (As to the defi 
nitions of L,, and e, see ref. 2.) In comput 
ing the matrix elements Ly »,, the simplifica- 
tions by Pariser and Parr such as; 1) zero 
differential overlap, 2) neglect of non neigh- 
bor resonance taken in. In 
addition to this, following assumptions are 
made: 1) The Coulomb integral aw, can be ap- 
proximated as the valence state ionization 
potential (W.,) of the free atom, less the sum 
only of the Coulomb repulsion integrals (pp|qq). 
This neglect of Coulomb penetration integrals 
is found to reduce the labor without having 


integrals are 








a significant influence on the numerical 
results. 2) The resonance integral Bp, is 
proportional for a type of bond (C=-C,C—N, 
or C_-O, etc.) to the inverse sixth power of 
the bond length, the proportionality constants 
being selected so as to reproduce, as closely 
as possible, the observed N--V, transition of 
a particular molecule in the final result by 
the iterative process. In the case of formal- 
dehyde, 2.95 ev is found suitable for Po 
(1.20 A), and the same value is used for 
predicting glyoxal N--V, transition. The 
geometricals and numberings for formal- 
dehyde and glyoxal are shown in Fig. 1, 
together with the computed z-electron den- 
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The calculated transition energies (£) and 
self-consistent molecular orbitals are given 
in the following, where V, and 7, designate 
the lowest excited singlet and triplet state, 
respectively. 

Formaldehyde, 


E(N->V,) 


8.09 ev, observed, 7.95 ev,’ 
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te 


27, No. 8 


E(N-+T , 4.75 ev, 
, 0.5519 X, 
&. 0.8339 X 
Glyoxal, 
E(N-+V,) 7.47 ev, estimated, 7.51 ev*?, 
E(N-+T,) --5.09 ev, 
f,- 0.5541 (X. + Xa) + 0.4393 (X, + Xz) 
. 0.6205 (Xa Xu) -0.3390 (X, - X-) 
, 0.4393 (Xo Xa) -0.5541 (Xn +X), 
, 0.3390 (X. Xa) 0.6205 (X, -X-). 


) Kstimated roughly from the 57,000 cm~ band 
of diacetyl, assuming that the two -CH; groups 
cause the bathochromic shift of the same 
magnitude as the difference between the 
band of acetone and the corres 


0.8339 X., 
0.5519 X.. 


60,600 cm 
ponding band of formaldehyde. 

Detailed discussion of these results will be 
published soon, with the result of calcula- 
tions for several other molecules which are 
now in progress. 

The author is grateful to Professor H. 
Tominaga for his kind guidance through the 
course of this calculation. 


1) KR. Pariser and R. G. Parr, J. Chem. Phys., 21, 466, 
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2) C.C. J. Roothaan, Rev. Mod. Phys., 23, 69 (1951); 
RK. G. Parr and R. S. Mulliken, J. Chem. Phys., 18, 1333 


(1950). 
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